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Introduction; Purpose of the study 
In the early '70s the so-called 'double cup arthroplasty' came rapidly into 
vogue. This resurfacing prosthesis excited enthusiasm in that it was believed 
to offer certain advantages over the conventional intramedullary hip pros-
thesis. 
These advantages mostly concerned the femoral side. The small volume of 
bone that had to be resected, together with the resurfacing, led to a more 
physiological configuration than after implantation of a femoral endopros-
thesis with cement. A stemless prosthesis would eliminate stem-related 
complications such as fracture and loosening. With a double cup prosthesis, 
an infection would be limited to the joint itself and not spread to the 
intramedullary cavity. 
Wagner (1978) also presumed advantages in the biomechanical aspects of the 
resurfacing prosthesis over the conventional intramedullary prosthesis. The 
transfer of force from prosthesis to bone, on the femoral side, would run a 
more natural course so that stresses and deformations at the implant/bone 
interface would much less give rise to bone resorption, remodelling and 
ultimately, loosening. The stress distribution after resurfacing would resem-
ble the situation in the normal hip, where the articular force by way of the 
cartilage leads to a distribution of compressive stress on the femoral head in 
the places where it is in contact with the acetabulum. 
For the revision operation because of loosening of one of the components, 
the double cup was also supposed to have advantages over the total hip. 
Alternatives remained available, such as implantation of a new double cup 
prosthesis, arthrodesis of the hip, a Girdlestone resection arthroplasty, 
reimplantation of a femoral endoprosthesis where the acetabular component 
had remained intact, or implantation of a conventional total hip. This 
revision would be technically simpler than a revision of a total hip endopros-
thesis because implantation of the double cup does not involve opening of the 
proximal femur. 
On the acetabular side of the joint the double cup offers no specific 
advantages. Owing to the large femoral component, the acetabular compo-
nent had to be thin and the amount of cement small. This might even put the 
fixation at risk (Clarke, 1982; Black and Sholtes, 1982). 
The double cup prosthesis was initially regarded as a solution for the young 
patient with coxarthrosis who otherwise would require either a conventional 
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total hip or arthrodesis. It would be preferable because of the conservative 
character of the operation and the remaining alternatives in case of loose-
ning. 
The first double cup prosthesis was implanted at the St Radboud Hospital 
Nijmegen, the Netherlands in August 1976. Until 1981 a total of 84 prosthe-
ses as designed by Wagner were implanted. Since in course of time a 
noticeably large proportion of cases of loosening occurred (33% after 5 
years), no more double cup prostheses were implanted after 1981. 
The purpose of the present study is to analyse the implant failure of the 
Wagner resurfacing prosthesis, in the expectation that insight into this 
specific failure mechanism may also contribute to better understanding of 
aseptic loosening processes in general. Such improved understanding might 
in its turn benefit the development of prostheses and fixation techniques. 
In chapter 1, the development of the double cup prosthesis is described. 
Chapters 2 and 3 contain data on the patients, the operations and the effects 
obtained. It was intended to determine if certain parameters can be singled 
out that affect the result of the operation. The criterion by which the result is 
judged is the length of time that elapses between implantation of the double 
cup prosthesis and the revision operation. 
Further analysis necessitated a clinical follow-up. In the summer of 1982, all 
patients still with a Wagner prosthesis at the time were examined. The results 
of this clinical follow-up are described in chapter 4. 
After the clinical follow-up, a radiological examination, described in chapter 
5, was carried out in order to measure and to follow up the positions of the 
prosthetic components with the passage of time, and to detect the radiologi-
cal alterations that indicate imminent loosening. 
In chapter 6, the possibility of a correlation between the radiological and 
clinical findings is investigated. 
The group of patients in whom on completion of the study 28 prostheses had 
been revised is analysed in greater detail in chapter 7. 
The revision operations made head-neck preparations available. This tissue 
has been examined roentgenologically, macroscopically and microscopically 
in order to gain an impression of the changes of the tissue beneath the metal 
femoral component. The findings obtained are reported in chapter 8. 
Chapter 9 describes an animal experiment. The process of failure that had 
become apparent in the human situation was studied further by animal 
experimentation. 
The biomechanical aspects of the resurfacing prosthesis were also studied. 
This study was carried out to determine to what extent failure of the femoral 
component may be due to biomechanical causes. To this purpose, linear and 
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non-linear FEM models were developed. These are described in chapter 10. 
A recapitulating discussion of the various aspects and the results described in 
the preceding chapters is presented in chapter 11. 
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CHAPTER 1 
Historical review 
1.1. Introduction 
In order to restore function to a hip joint ankylosed in a contracture position, 
John Rhea Barton (Philadelphia 1794-1871) carried out the first successful 
intertrochanteric femoral osteotomy (Tronzo, 1973; Shands, 1976). 
As early as the 19th century, the concept of arthroplasty took shape: 
interposition of material between acetabulum and femoral head after perfor-
ming an osteotomy in an ankylosed joint. 
John B. Murphy (Chicago) in 1902 used muscle or fascia, with or without 
covering fatty tissue as interposition material. It was William S. Baer 
(Baltimore) who in 1918 used the mucosa of a pig's bladder as interposition 
materia); it is still known as Baer's membrane. Similar operations, mostly 
with use of fascia lata were subsequently carried out by, inter alia, V. Putti 
(Bologna), W. Campbell (Memphis) and W.R. McAusland (Boston). 
A long step forward was taken by M.N. Smith-Petersen (1948), who in 1923 
implanted a glass cup on a remodelled femoral head. Since the glass cups 
broke, he switched to viscaloid (1925), pyrex glass (1933) and bakélite (1937) 
and finally, at the advice of his dentist Dr John Cooke, in 1938 implanted his 
first vitallium cup. A few years after his death, his assistant Otto E. Aufranc 
(1957) published the results of 1000 operations on hips in which a vitallium 
Smith-Petersen cup had been used. Fair to good results were reported in 82% 
of the cases. Apart from meticulous surgical technique, intensive rehabilita-
tion was required, during a long period of which only partial weightbearing 
on the hip was permitted. Results were unpredictable and function proved 
not always to be optimal. Acetabular protrusion and gradual resorption of 
the femoral head both occurred frequently, necessitating a large proportion 
of revision operations. The development of arthroplasty of the hip gradually 
rendered the Smith-Petersen cup obsolete. 
1.2. Arthroplasty of the hip 
In Germany, a total hip arthroplasty was carried out as early as 1890 by 
Gluck. Other pioneers of the first hour in the development of femoral head 
replacement are Hey-Groves in Great Britain, A. Moore in the USA 
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(Leinbach, 1982) and the Judet brothers in France. The latter implanted a 
short stem acrylic hip prosthesis. After their publication in 1950 of a series of 
300 cases, interest in hip prostheses became worldwide; over 30 different 
types were developed. 
P. Wiles (London) in 1938 was the first to describe how he implanted a 
stainless steel total hip prosthesis. A. Moore in 1940 introduced a 12 inch 
stainless steel prosthesis and in 1951 described his self-locking long stem 
prosthesis which gained much popularity. 
More than anyone else, Sir John Charnley (Wrightington) in his hip centre 
has stimulated and developed total hip replacement. In the '50s he developed 
a femoral prosthesis made of a chromium-cobalt alloy and an acetabular cup 
made of high-density polyethylene. The latter was fixed in the acetabulum 
with a cold-curing acrylic cement. Charnley (1961) called this 'low friction 
arthroplasty'. 
1.3. Resurfacing prostheses 
The development of the total hip arthroplasty was followed closely by that of 
the double cup prostheses. 
In the early'SOs, Sir John Charnley experimented with polytetrafluoroethy-
lene (Teflon), a low friction inert plastic, which he proposed to use as 
synthetic articular cartilage. Without cement fixation one cup was wedged in 
the acetabulum and another placed over the femoral head that had previ-
ously been fraised to the required dimensions. At first the results looked 
highly encouraging: the pain disappeared completely and excellent mobility 
of the hip was achieved. Shortly afterward, however, Charnley had to 
abandon the method because of marked attrition of the components. The 
wear particles caused an excessive foreign body reaction at the bone/ 
prosthesis interface, which led to loosening of the prosthesis. According to 
Freeman (1978), the failure was due not to the concept but to the choice of 
the wrong material and faulty fixation technique. 
Townley in 1952 developed a resurfacing hemiprosthesis that consisted of a 
thin metal cup attached to a slender intramedullary stem. This design, 
accordingly, is a cross between the cup arthroplasty and the head-neck 
prosthesis. The femoral head was not dissected, but fraised to fit the thin-
walled metal cup. The function of the stem was to provide some extra 
stability and to ensure that the cup was implanted in the right direction, 
rather than to transmit stress as in the head-neck prosthesis. 
In 1960, Townley began to use an acetabular cup made of polyurethane. As 
18 
these cups tended to drift, since 1977 he has been using acetabular cups made 
of polyethylene. These are fixed with a screw and cement. Thus the 
T.A.R.A.(total articular replacement arthroplasty) prostesis came into 
existence, and it is still being used (Townley, 1982). 
In a brief period in the late '60s and early '70s, several types of double cup 
prostheses were developed in a number of countries. 
In 1968, Müller implanted 18 metal double cup prostheses without cement. 
Fifty per cent of these required revision shortly afterwards because of pain 
and inadequate fixation of the femoral component. 
Gerard (1978) in 1970 was the fourth surgeon who designed a double cup 
prosthesis and implanted it without use of bone cement. His first model 
consisted of two metal cups: a so-called Luck cup articulated with an Aufranc 
cup which is self-centering. Thus, movement was possible at three interfaces: 
between the acetabulum and the Aufranc cup, between the femoral head and 
the Luck cup and particularly also between the two metal cups themselves. In 
order to reduce the friction between the metal cups, Gerard in 1972 began to 
use an acetabular cup made of polyethylene. This, however, caused attrition 
on the bone side, so that he abandoned this design. Since 1975 he has been 
using a metal Aufranc cup with a polyethylene inner lining. In a group of 
patients with primary coxarthrosis under 60 years of age, the results were 
good in 90% of the cases with follow-up periods over 5 years (Gerard, 1984; 
Legrand, 1985). 
The first cemented double cup was designed at the Rizzoli Institute in 
Bologna by Paltrinieri-Trentani, and used since 1971 (Trentani and Vacca-
rino, 1978, 1981, 1982). The acetabular component was made of 4 mm thick 
polyethylene and articulated with a metal femoral component, a two-thirds 
segment of a sphere with a collar 4 mm long that fitted closely around the 
femoral neck. Their idea was that the collar would reduce the concentrations 
of stress at the cup-neck interface. 
Independently of the above-named group, Furuya (Furuya and Kawachi, 
1978) in Tokyo in 1971 also developed a cemented double cup prosthesis. 
Initially he implanted a stainless steel acetabular component and a high-
density polyethylene (HDPE) femoral component. Since 58% required 
revision because of acetabular loosening, he switched to a HDPE acetabulum 
with a metal, and later a ceramic femoral component. 
Freeman et al (1975) in collaboration with Law developed the Imperial 
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College London Hospital (I.C.L.H.) double cup arthroplasty which was used 
from 1970. The first few prostheses, consisting of a polyethylene femoral 
component and a metal acetabulum were implanted between 1972 and 1974. 
Freeman, also, blamed the large number of failures on rapid wear rate of the 
convex, plastic femoral component leading to a foreign body reaction, bone 
resorption and loosening. This prompted him to transpose the prosthetic 
materials: a metal femoral component and a polyethylene acetabular compo-
nent (Freeman, 1978). 
Shortly afterwards he opted for a different approach to the hip joint. Instead 
of a trochanteric osteotomy, he performed a partial release of the abductor 
muscles. This led to improvement of his clinical results.Further analysis of 
this group revealed 17% cases of aseptic loosening after an average of 3.2 
years (Freeman and Bradley, 1982). The incidence of complications due to 
infections, ectopic bone formation, femoral fractures and dislocation are 
comparable with the total hip arthroplasty series. He blamed these bad 
results on faults in patient selection, surgical technique and design of the 
prosthesis. 
As faults of the design he established: 
1. an acetabular component that was too large, causing the rim to overlap 
the actual acetabulum. 
2. a polyethylene acetabular cup and a cement layer that were both too thin, 
leading to risk of deformation of the plastic cup and fracture of the cement 
followed by protrusion owing to the weak bone structure. 
3. the large difference in elasticity moduli between the metal femoral 
component and the bone. 
4. an unavoidably large contact surface between the prosthetic components, 
with risk of wear debris. 
Thus in 1980 he arrived at his third generation of double cup prostheses. By 
using an acetabulum with an angle of entry of 140°, he could make the wall 10 
mm thick. Fixation without cement was made possible by three pins attached 
to the acetabular component. The new femoral component was non-metallic 
and radiolucent. The latter was supposed to be isoelastic with bone and to 
give off fewer wear particles than a metal-polyethylene interface. 
However, in a personal communication in July 1984, he stated that he had 
abandoned the double cup prostheses altogether. 
In Japan, Nishio et al (1978, 1982) started in 1972 to implant cementless 
double cup prostheses. In his first model, the femoral component, just as in 
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Gerard's model, was made of metal (Luck type). The acetabulum was also 
made of metal, with three pins 7 mm long attached to it. He also later lined 
the inside of the acetabulum with polyethylene. 
In 1973, Eicher (Indianapolis) started to implant a cement double cup 
prosthesis, the 'Indiana Conservative Hip'. His work was continued in 1975 
by Capello (Capello et al, 1978, Capello and Trancik, 1981, 1982) at 
the University of Indiana. 
This prosthesis consisted of a chromium-cobalt hemispheric femoral compo-
nent with a porous coating on the inside to reinforce the fixation with 
cement. The HDPE acetabulum was 3 mm smaller than the hemisphere and 
was fitted with a thin metal backing of titanium to improve the stress 
distribution and reduce the deformation of the cement. 
The third Japanese design was made by Tanaka (Osaka). In 1978 he 
described a small series of 37 operated hips with a mean follow-up period of 
two years. The results were excellent to good. Subsequent publications are 
lacking, however. From 1974 he used an HDPE acetabular cup that was fixed 
with cement; the metal femoral component was implanted without cement. 
In 1975 Wagner (1975, 1978, 1981) started to use his 'Schalenprothese'. He 
cemented both components; the acetabulum consisted of 4 mm thick polye-
thylene and the femoral component was made of an alloy of cobalt, chro-
mium and molybdenum. He also used a ceramic head which had the 
advantages of radiolucency and a very smooth surface. The hip joint was 
approached by way of an anterior incision to prevent damage to the posterior 
capsular vessels. Although his short-term results were good, later he became 
increasingly reserved in selecting cases because of the rising number of cases 
of loosening (Wagner, 1979). 
Amstutz et al (1977, 1978; Clarke et al, 1977) in Los Angeles in 1975 
introduced the THARIES (Total Hip Articular Replacement with Internal 
Excentric Shells) surface replacement. A metal femoral component and an 
HDPE acetabulum were fixated with cement; a narrow trochanteric osteo-
tomy was performed routinely. He elaborated an elegant set of instruments 
for exact positioning of the prosthetic components (Amstutz and Graff-
Radford, 1981; Amstutz, 1982; Hedley, 1982). As a result, fewer complica-
tions occurred in his later series of patients. Patients with primary coxarthro-
sis showed the lowest percentage of loosenings, patients with non-traumatic 
osteonecrosis the highest. Patients between 60 and 70 years with a low 
activity level scored better than active younger ones under 40 years. For the 
last-mentioned group of patients, he continued to try to find alternatives 
(Amstutz et al, 1981). 
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From 1976 Salzer (Vienna) implanted a cementless bioceramic double cup 
prosthesis. Three pins were affixed to the acetabulum for anchorage. In 
Salzer's view, aluminium oxide offered the major advantages of good bio-
compatibility and a low friction coefficient. Disadvantages were the diffe-
rence in elasticity modulus between the bone and the ceramic material and 
the fairly large size of the prosthesis. His earliest results were disappointing: 
5 cases of loosening out of 16 patients after 1.5 years (Salzer et al, 1978). 
Finally, Rusdea in 1976 designed a double cup prosthesis (Stenum), which 
consisted of a HDPE acetabulum fixated with cement and a metal femoral 
component with a polyethylene inner lining that was placed over the fraised 
femoral head without use of cement (Rusdea and Struck, 1980). 
1.4. Summary 
The survey (table 1.1) shows that in spite of the similarity of the concepts 
there were differences in design, fixation technique, choice of materials and 
surgical approach. 
The femoral component in most cases is made of cobalt-chromium alloys or 
of vitallium. Ceramic femoral cups are in the minority. 
Teflon, polyurethane and all-metal acetabular components are being abando-
ned. Polyethylene, sometimes combined with a metal backing, is the most 
widely used material for the acetabular component. 
The acetabular component is fixated sometimes with, sometimes without 
cement. It is only in Gerard's design that movement between the acetabulum 
and the acetabular component is possible. The TARA hip with its intrame-
dullary fixation does not really belong to the category of double cup 
prostheses. 
In spite of the assumed and alleged advantages of the resurfacing prosthesis, 
its use in practice brought many shortcomings to light. Compared with the 
conventional total hip prosthesis, the surgical technique is more difficult since 
the femoral head and neck remain in situ. In order to achieve a good view of 
the acetabulum, various approaches to the hip joint are used (Stulberg, 
1982). Some consider a trochanteric osteotomy necessary, while others 
partially resect the abductor musculature with a bone shell. Whichever 
technique is used, one of its aims should be to cause minimal damage to the 
femoral vascularization. Although Freeman states that an arthrotic joint 
receives its blood supply from intraosseous vessels, Wagner (1975) asserts 
that it is supplied largely by the posterior capsular vessels. He bases this view 
on anatomical and arthrographic studies by Trueta (1957; Trueta and Harri-
son, 1953). 
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Praising of the femoral head is done with a spherically or cylindrically shaped 
fraise; with the latter there is a risk of damage to the capsular vessels. 
The limiting factor in fraising the femoral head is the diameter of the neck. 
On the one hand it is desirable to fraise off bone until well-vascularized 
cancellous bone becomes visible and a sufficiently thick layer of cement can 
be applied, while on the other, this increases the risk of injuring the capsular 
vessels and weakening the neck (notching). 
Owing to the large size of the femoral component, the thickness of the 
acetabular wall is small. A sufficiently thick layer of cement makes it 
necessary to deepen the acetabulum. Fraising away too much may render the 
base of the acetabulum thin and weak. 
Under the influence of weightbearing, the thin HDPE acetabular cup beco-
mes deformed. In the resulting distribution of the compressive stresses, the 
stress on the thin, fragile layer of cement grows high. This is alleged to be the 
cause of acetabular loosening (Steinberg, 1982). 
To reduce acetabular deformation, Capello et al (1982) developed the 
acetabular cup with metal backing. 
It is dubious if this theoretical advantage compensates for the practical 
disadvantage of an even thinner layer of cement or a thinner layer of 
polyethylene which the metal backing renders necessary. 
Owing to the size of the double cup prosthesis, it is less mobile than a 
conventional total hip arthroplasty. Nishio accepts 80° flexion and sees 
alleviation of the pain as the main purpose of the operation. Freeman and 
Eicher have designed an acetabulum that is smaller than a hemisphere so that 
impairment of function is reduced. Gerard solved this problem by allowing 
movement between the acetabular cup and the bone. 
The use of a large femoral and acetabular component is believed to cause 
much friction (Ma, 1983), thereby increasing the stress on the bone/cement 
interface. Friction is also assumed to cause formation of wear particles that 
provoke foreign body reactions; these stimulate bone resorption which might 
mean the beginning of loosening (Capello et al, 1982; Bell et al, 1985; 
Capello, 1985). 
To recapitulate, in the '70s the role of the resurfacing prosthesis was regarded 
with optimism. The relatively large proportions of failure were initially 
ascribed to imperfections of the design, the surgical technique, the definition 
of the indications and surgeons' lack of experience with the prosthesis. Hence 
the expectation of better results once these starting problems would be 
overcome. In the following decade, this expectation was not fulfilled. Initi-
ally, the prosthesis was regarded as an alternative to conventional total hip 
prosthesis for young patients. This indication was abandoned. According to 
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К) TABLE 1 1 
DESIGNER 
Chamley 1951 
RECOMM 
METHOD 
FIXATION 
METHOD 
no cement 
PRAISING F С AVAILABLE 
SIZES 
PROSTHESES 
yes 
Townley 1952-77 lateral no troch- no cement, later cylindr + 
antenc osteotomy cement both medull pin fix 
comp prox fem 
Müller 1968 - without cement 
Gerard 1970-1975 lateral no troch- without cement cylindr 
antenc osteotomy 
Paltnmen/ 
Trentani 1971 
Furuya 1971 
lateral no troch- cement 
antenc osteotomy 
lateraltroch 
osteotomy 
Freeman 1972-74 lateral troch 
osteotomy 
1974-79 lateral no troch 
osteotomy 
1980 
cement 
cement 
cement 
А С without 
cement 
cylindr 
cylindr 
cylindr 
cylindr 
cylindr 
MATERIAL/ 
TYPE F С 
teflon 
metal hemispher 
(slightly more than 
hemispher ) 
cobalt chromium 
metal 
Luck cup 
metal 
Luck cup 
type I, II HDPE 
type HI metal 
type IV ceramic 
HDPE 
metal 
non-metallic 
MATERIAL/ 
TYPE A C 
teflon 
acetabulum 
COMPLICATIONS 
wear particles 
interface formation 
acet loosening 6 out 
polyurethane, later of 222 
polyethyl 
cobalt chromium 
metal, later poly­
ethyl inner hmng 
Aufranc 
polyethylene 
metal 
HDPE 
HDPE 
metal 
HDPE 
HDPE 
no stable fixation 
F C 
-
loosening F С 
loosening А С 
loosening, fract fem 
neck 
loosening 
_ 
Nishio 1972 
Eicher 1973 
Capello 1975 
metal backing 
lateral troch without cement cylmdr 
osteotomy 
troch osteotomy cement hemisph 
metal Luck cup metal, later poly- loosening 9 out of 
ethyl inner lining 130 
Aufranc 
chromium cobalt HDPE 15% revisions after 3 
years 
porous coating 
DESIGNER 
Tanaka 1974 
Wagner 1974 
Amstutz 1975 
Salzer 1976 
Rusdea 1976 
RECOMM. FIXATION 
APPROACH METHOD 
F.C. without 
cement 
anterior approach cement 
lateral narrow cement 
troch. osteotomy 
lateral without cement 
F.C. in principle 
without cement 
PRAISING F.C. 
hemisph. 
hemisph. 
cylindr. 
cylindr. 
hemisph. 
AVAILABLE 
SIZES 
PROSTHESES 
4 A.C. 
3F.C. 
4 
5 
3 
-
MATERIAL/ 
TYPE F.C. 
MATERIAL/ 
TYPE A.C. 
metal; slightly more HDPE acentric 
than hemisph. 
Aufranc 
metal ceramic 
(alum, oxide) 
Aufranc 
metal excentric 
Aufranc 
ceramic (alum. 
oxide) Aufranc 
metal with HDPE 
inner lining 
HDPE 
HDPE excentric 
ceramic 
HDPE 
COMPLICATIONS 
loosening after 1V4 
years in 5 out of 16 
Amstutz et al (1982), the resurfacing prosthesis should only still be used for 
the older, less active patient with good bone qualities. However, there is no 
unanimity concerning the specific indications and contraindications. Whether 
limitation of the indications or changes of the design will improve the result 
remains an open question. 
More recent publications report unacceptably high proportions of cases 
requiring revision because of loosening. For instance, Head (1982) reports 
39% failures after 3.5 to 5 years and Boettcher et al (1982) 32% failures after 
4 years. These percentages contrast sharply with the results of total hip 
arthroplasty. Consequently, the popularity of this prosthesis fell off. By now 
most surgeons either have grown very disinclined to implant a resurfacing 
prosthesis or have abandoned it altogether. 
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CHAPTER 2 
Preoperative condition of the patient and data 
on the operations 
2.1. Patient profile 
In the Department of Orthopaedics of the St. Radboud Hospital in Nijme-
gen, 84 Wagner double cup prostheses were implanted in a total of 76 
patients during the period from August 1976 to September 1981 (fig. 2.1). 
Of the operated patients, 25 were males and 51, females. The left hip was 
involved in 43, the right hip in 41 cases. Ages ranged from 20 to 70 years, with 
an average of 50.6 years (fig. 2.2). 
The diagnostic classification was: 
primary coxarthrosis 37 
secondary coxarthrosis 
- Perthes' disease 5 
- congenital dislocation or dysplasia 17 
- epiphysiolysis 4 
- post-traumatic 6 
- coxitis 4 
rheumatoid arthritis 4 
Smith-Petersen cup revision 3 
others 4 (n=84) 
2.2. Indications 
The principal indication for implantation of a Wagner prosthesis was the 
same as that for the conventional hip prosthesis: severe pain and impairment 
of function combined with arthrotic lesions of the hip joint. Good bone 
quality of the femoral head as well as of the acetabulum was a requirement. 
Patients with head necrosis, severe osteoporosis or protrusio acetabuli were 
in principle not eligible for this prosthesis. Initially, the double cup prosthesis 
was implanted mostly in young patients for whom the alternative would be a 
total hip prosthesis, an arthrodesis or resection arthroplasty. 
In addition, the double cup prosthesis presented a possibility for patients in 
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whom implantation of a conventional hip arthroplasty would create pro-
blems, e.g. when implantation of a stem prosthesis would be difficult for 
anatomical reasons. In the course of 1978, the indication range was expanded 
to include older patients with a primary coxarthrosis, as well. 
In 30 instances, the same hip had been operated on once or several times 
prior to the implantation of the double cup prosthesis. Fifteen of these 
operations were correction osteotomies. 
2.3. Duration of the symptoms 
The lengths of time during which symptoms had been present before opera-
tion ranged from 6 months to 35 years. The relative cumulative frequency 
distribution (fig. 2.3) shows that approx 50% of the patients had had 
symptoms for less than 5 years. 
cases 
C/o) 
100 
80 
60-
40 
20-
1 1 1 1 1 1 r~ 
5 10 15 20 25 30 35 
per iod ( y e a r s ) 
Fig. 2.3: Relative cumulative frequency of the periods of symptoms. 
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2.4. Operating procedure 
All operations were performed in a standard operating theatre by a varying 
team of surgeons. Most were performed by a member of the staff aided by 
two assistants. If an assistant performed the operation, the responsibility 
remained with the staff member. At evaluation, such operations were scored 
as having been performed by the staff member. 
2.5. Exposure 
The first 20 operations were carried out according to the technique proposed 
by Wagner (1975, 1978). The hip joint was exposed by means of a modified 
Smith-Petersen incision. In this way, a good view could be obtained of the 
acetabulum as well as of the femoral head and neck. Also, this approach left 
the posterior capsular vessels undamaged. Wagner set great store by this. In 
our material, a fairly ample capsular release and capsulectomy were perfor-
med for decompression of the femoral head. 
After minimal fraising-out of the acetabulum, first the largest possible 
acetabular component was cemented in, using PMMA Palacos® and trying 
for a lateral inclination of 45° and an anteversion of 20 to 25°. 
Using a hemispheric fraise, the femoral head was fraised to size to fit the 
corresponding acetabular component. The femoral component was cemen-
ted in in a slight valgus position. 
In a later phase, the hip joint was approached by the lateral McFarland-
Osborn incision (1954), which was found to be simpler and also proved less 
time-consuming than the modified Smith-Petersen incision. A trochanteric 
shell with the insertions of the anterior portion of the m. gluteus médius and 
the m. vastus lateralis was resected and subsequently sutured back into place. 
This did not weaken the abduction force. 
2.6. Prosthesis 
A Wagner double cup prosthesis was implanted in all cases. Its acetabular 
component is made of HDPE. The metal femoral component is made of a 
cobalt-chromium-molybdenum alloy. It carries six ridges on the inside and 
has a small central opening for the passage of excessive cement, blood and 
air. We had prostheses of three sizes (in mm) at our disposal: 
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femoral component acetabular component 
Small 
Medium 
Large 
external 
diameter 
42 
46 
50 
internal 
diameter 
36 
40 
44 
external 
diameter 
50 
54 
58 
internal 
diameter 
42 
46 
50 
In our material, the small type was implanted 36 times, the medium type 40 
times and the large type, 7 times. In one case, the size was not recorded. 
2.7. Additional surgical performances 
Simultaneously with the implantation of the Wagner prosthesis, an edge plate 
was removed five times and other osteosynthesis material, four times. Twice, 
a psoas release was carried out because of a flexion contracture; adductor 
release was not carried out. 
2.8. Duration of the operation 
The duration of the operation varied from 70 to 225 minutes with a median of 
150 minutes. The switch to the McFarland-Osbom incision shortened the 
duration of the operation by approx 30 minutes. 
2.9. Blood loss 
The blood loss, measured at operation, varied from 200 to 2075 ml with a 
median of 835 ml. 
2.10. Capsule culture 
At operation, a fragment of the capsule was isolated for bacteriological tests. 
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The results of 71 cultures are known. They were: 
negative capsule culture 60 
Staphylococcus aureus 2 
Staphylococcus albus 5 
Escherichia coli 1 
Corynebacterium diphtheriae 2 
non-fermentative bacteria 1 
Infection of a prosthesis at an early postoperative stage was never observed. 
Possibly, a number of these cultures have to be regarded as false-positives. 
2.11. Antibiotic regimen 
A brief prophylactic course of antibiotics was administered only to those 
patients who had had earlier operations in the same region. This prophylaxis 
consisted of a combination of amoxicillin (Clamoxyl®)/flucloxacillin (Floxa-
pen®) or of cefalotin sodium (Keflin®). 
2.12. Anticoagulant treatment 
Oral anticoagulant treatment with acenocoumarol (Sintrom®) was started on 
the day of the operation. After a starting dose of 8 mg, doses were adjusted 
to the thrombin time. Postoperatively, the anticoagulant treatment was 
continued for at least 6 weeks. The patients with rheumatoid arthritis were 
given no anticoagulant treatment. 
2.13. After-treatment 
Initially, the leg after operation was held in suspension traction. Subse-
quently, use was made of a foam traction, the leg lying on the bed in 
abduction in a traction of 2-3 kg. 
Isometric muscle exercises were started immediately after operation, monito-
red by a physiotherapist. On the fifth postoperative day, a check X-ray of the 
hip was made in two projections. In most cases, after evaluation of the wound 
and the X-ray, the mobilization was also started on the fifth day, the patients 
walking with two elbow crutches in a three-point gait. Rehabilitation was 
fast, particularly in young patients who could be discharged after approx two 
weeks. If rehabilitation looked like taking longer, the patients were transfer-
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red on the 10th postoperative day to the Dekkerswald Medical Centre. 
There, they received daily medical control from our own department. 
The patients were advised to walk only with two elbow crutches for at least 
the first six weeks after operation and to use one elbow crutch for the next six 
weeks, on the non-operated side. 
Out-patient check-ups were made in principle 6 weeks, 3 months, 6 months 
and one year postoperatively and subsequently once a year, unless the 
clinical situation indicated otherwise. 
2.14. Early complications 
Fifty-four hip operations were free from postoperative complications. After 
the other 30 operations, the patients had one or several postoperative 
complications, most of them transient. 
The main complications were: 
tendency to dislocate during extreme exorotation 8 
(doubtful) thrombosis 2 
fracture of femoral neck 1 
loss of function of n. femoralis cutaneus lateralis 5 
miscellaneous (i. a. urinary tract infections) 22 
sub Tendency to dislocate: 
If it was found during operation that there was a tendency to dislocate in 
extreme exorotation, the patient was fitted with a plaster boot in endorota-
tion. On one occacion, dislocation occurred postoperatively in the recovery 
room when the patient was lifted on to the bed. This dislocation, also, could 
be treated effectively with an antirotation boot. 
sub Thrombosis: 
Two patients showed signs suggestive of thrombosis. Treatment consisted in 
heparinization and exact monitoring of the anticoagulant treatment for a 
longer period of time. 
sub Fracture of femoral neck: 
One woman sustained a medial fracture of the femoral neck while exercising 
one month after operation. She was the first patient to undergo a revision 
operation. At this operation, a total hip endoprosthesis was implanted. 
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sub Loss of function п. femoralis cutaneus lateralis: 
Five patients complained of loss of sensibility in the territory of the n. 
femoralis cutaneus lateralis. In all these patients, the approach had been by 
way of a modified Smith-Petersen incision. 
2.15. Late complications 
The principal late complication is loosening of the acetabular and/or the 
femoral component of the prosthesis. Mention should also be made of: late 
infections and formation of para-articular ossifications. 
2.16. Discussion 
Early postoperative complications in our material were mostly transient and, 
apart from one fractured femoral neck, not serious. In the literature, also, the 
percentages of early complications after a resurfacing hip prosthesis are low. 
In nature and frequency, the general complications were similar to those seen 
after implantation of a conventional total hip prosthesis. These include 
thrombophlebitis, pulmonary embolism, urinary tract infection, cardiopul­
monary complications and healing problems after trochanteric osteotomy. 
Early wound infections did not occur in our material. Once, a prosthesis had 
to be removed after over 3 years because of an infection caused by Staphylo­
coccus aureus. In principle, an infection of a resurfacing hip prosthesis is 
easier to treat than an infected conventional hip endoprosthesis, because for 
the resurfacing prosthesis the medullary cavity is not opened. 
In other series also, percentages of infection are low: Amstutz reports one 
infection in 200 cases (Amstutz et al, 1981); Wagner (1978) saw no infections 
in 426 cases and Freeman had 3 cases (1.5%) in a series of 204 ICLH double 
cup prostheses (Freeman and Bradley, 1983). 
It is probably due to the large size of the components of the resurfacing 
prosthesis that the proportion of dislocations is lower than with the conventi­
onal hip prosthesis. This in spite of the theoretical disadvantages of a wide 
femoral neck causing an increased risk of impingement of the neck on the rim 
of the acetabulum. While the proportion of dislocations of a conventional 
total hip endoprosthesis amounted to 3.9% in the series of Beckenbaugh and 
Ilstrup (1978), this proportion did not exceed 1% in any of the series after a 
resurfacing prosthesis. As a second cause of dislocation, Hedley (1982) 
mentions marked loss of force of the abductor muscles of the hip. In our 
series, this factor never played such a serious part that dislocation ensued. An 
incorrect position of the acetabular component (retroversion and too steep) 
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proved to be the cause of the tendency to dislocate in our series. 
Development of a surgical fracture after implantation of a double cup hip 
prosthesis is a complication mentioned in the literature with widely varying 
frequencies. Amstutz et al (1981) report no femoral neck fracture in a series 
of 200 patients and Wagner (1978) saw only one fracture in 426 cases. 
Capello et al (1978), on the other hand, report 8 fractures in 65 patients. 
Excessive fraising of the femoral neck, resulting in notching of the neck 
either on the lateral or on the medial side, is generally regarded as the cause 
of an increased risk of development of a femoral neck fracture. Performing a 
trochanteric osteotomy, according to Capello et al (1982) and Freeman 
(1978) also increases the risk of a femoral neck fracture. However, Amstutz 
et al (1981) on the basis of his personal experiences does not share this view, 
but adds that the trochanteric osteotomy should remain extracapsular. Too 
early weight-bearing after operation is also regarded as a cause of develop-
ment of a femoral neck fracture (Bierbaum and Sweet, 1982). They therefore 
recommended the use of two crutches for at least 3 months postoperatively, 
followed by walking with one crutch until pain has disappeared and the 
abduction force been regained. Patients should also be advised to wear shoes 
with shock-absorbing soles and to avoid jumping and heavy lifting. 
The cause of the only femoral neck fracture in our series cannot be clearly 
established. For the implantation of the femoral component only little bone 
had been fraised off, however, and this had caused lengthening of the neck. 
The frequency of occurrence of para-articular ossifications is described in 
chapters 5 and 6. 
The largest proportion of complications in all series is caused by aseptic 
loosening of one or both components of the prosthesis. Possible causes of this 
phenomenon are analysed in the subsequent chapters. 
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CHAPTER 3 
Effects of patient and operation parameters 
3.1. Introduction 
The work-up provided such a mass of data that preparation for statistical 
computer analysis soon suggested it self. 
3.2. Statistical analysis of patient data 
The general preoperative and operative data were encoded by means of a 
form designed for this purpose (appendix I). This form was used for all 
Wagner prostheses implanted. 
Explanation of general data: 
As the closing date, the date of the last out-patient control examination was 
taken, or.alternatively, the date of the check-up by phone, early in February 
1984, for those patients who had not been seen for a check-up after the 
clinical control examination in 1982. This allowed a longer follow-up than 
would have been possible when the clinical control examination had been 
used as the closing date. 
For the revised prostheses, the date of the revision operation was used as the 
closing date. The mean follow-up was 5.1 years, with a range of 2.4 to 7.4 
years. By the time the study was concluded, of the original 84 Wagner 
prostheses implanted in 76 patients, 28 in 25 patients had been revised. 
The period between implantation and revision is called the survival time of 
the prosthesis and may be regarded as a random variable T. The probability 
distribution of this variable can be described with the aid of the time-
dependent probability of survival S(t), with 
S(t) = Ρ [T > t], 
indicating the probability that a particular prosthesis will remain in situ for at 
least t months. 
For statistical reasons, only one hip per patient has been used for the 
analysis. Of all bilaterally implanted hip prostheses, only the prosthesis 
implanted last has been analysed. 
On the basis of the data concerning these 76 hips, the probability of survival 
S(t) for t > 0 can be calculated according to the Kaplan/Meier method 
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(1958). This method takes into account so-called censured observations. 
These are observations of which at the time the study is concluded it is known 
that the prostheses are still in situ. The result (0 ^ t ^ 90 months) is 
presented as a projected survival rate (fig. 3.1). As can be seen, this figure 
predicts that after 5 years one-third of the total number of prostheses 
implanted will have been revised, and how this trend will continue during a 
longer follow-up. After 7 years, only one-third of the prostheses implanted 
would still be in situ. It is possible in principle with the passage of time to 
recalculate the probability distribution. Naturally, the prediction is less 
reliable as the moment to which the prediction relates is farther removed 
from the mean follow-up period of the material on which the calculation is 
based. 
20-
10 20 30 40 50 60 70 80 90 
post-op period (mo) 
Fig. 3.1: Projected survival rate of the total population (n = 76). 
3.3. Results of the analysis of the general preoperative and operative 
parameters 
These results concern the 76 patients in whom a Wagner double cup 
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prosthesis has been implanted. As explained above, 76 prostheses were 
included in the analysis. 
For the analysis, a projected survival rate was estimated per parameter and it 
was calculated if the differences were significant. 
Table 3.1 gives a survey of the various parameters analysed. 
Table 3.1 
parameter 
duration of symptoms 
before operation 
earlier operations 
earlier corrective 
osteotomy 
age at time of 
operation 
idem 
body weight 
(Quetelet's index) 
distribution diagnoses 
surgeon 
activity level 
differentiation 
» 5 yrs (44) 
yes (28) 
yes (13) 
<40 yrs (24) 40-60 
<50 yrs (36) 
3*25 (27) 
1(34) 2(26) 
1(30) 
(part.) 
light work 
(67) 
(number per group) logrank 
test 
<5 yrs (32) p<0.05* 
no (48) P>0.10 
no (63) p>0.10 
yrs (35) >60yrs(17) p>0.10 
3=50 yrs (40) p>0.10 
<25 (45) p>0.10 
3(10) 4(3) 5(3) p>0.10 
2(21) 3(25) p>0.10 
(part.) p>0.10 
heavy work 
(9) 
= significant 
Explanation table 3.1; 
sub Body weight: 
For the distinction by body weight between heavy and light patients, the 
criterion used was the Quetelet's index (Q = weight/height2). This ranged 
from 17.3 to 32.8 with a mean of 23.4. Twenty-seven patients had an index 
above 25 and could therefore be classified as obese. 
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sub Distribution of diagnoses: 
The distribution over five diagnostic categories was: 
1. primary coxarthrosis 34 
2. coxarthrosis secondary to Perthes' disease, congenital dislocation, 
dysplasia, epiphysiolysis or other diseases 26 
3. coxarthrosis secondary tot post-traumatic disorders or coxitis 10 
4. rheumatoid arthritis 3 
5. revision Smith-Petersen cup 3 
sub Surgeon: 
Since minor differences in surgical technique might affect the ultimate result, 
a check was performed to see if this result differed from one surgeon to 
another. 
Two regular members of the staff operated or supervised 30 and 21 opera-
tions, respectively, while the remaining 25 hips were operated by various 
junior staff members. 
Figs 3.2 - 3.10 show the projected survival rates per parameter. The differen-
ces in probability of survival are significant in regard to only one parameter 
(fig. 3.2); patients with longer duration of preoperative symptoms have a 
significantly better probability of survival than the group with recent symp-
toms. 
Figs 3.3 and 3.4 suggest that earlier operations adversely affect the probabi-
lity of survival, but the difference is not significant. 
The same holds true of younger patients (figs 3.5 and 3.6) as compared with 
the older patients. 
It is interesting to note that the heavier patients (fig. 3.7) have a slightly 
better probability of survival; however, their difference in this respect from 
the lighter patients is not significant. 
The numbers of patients in the diagnostic categories 4 and 5 are small. 
Although the group with primary coxarthrosis appears to have a better 
probability of survival, the differences are not significant here, either (fig. 
3.8). 
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Fig. 3.2: Projected 
survival rate for the group 
with symptoms for less 
than 5 years (n = 32), 
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logrank test, ρ < 0.05. 
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Fig. 3.3: Projected 
survival rate of the group 
not previously operated 
(n = 48) and the group 
previously operated 
(n = 28); logrank test, 
ρ > 0.10. 
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Fig 3 4 Projected 
survival rate of the non- 20-
osteotomy group 
(n = 63) and the 
osteotomy group 
(n = 13), logranktest 
p > 0 10 
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Fig 3 5 Projected 
survival rate of categones 
of age at time of 2 0 
operation under 40 years 
(n = 24), 40-60 years 
(n = 35) and over 60 
years (n = 17),logrank 
test, ρ > 0 10 
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operation: under 50 years 
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years (n = 40); logrank 
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Fig. 3.7: Projected 
survival rate of the group 
with a Quetelet index 
over 25 (n = 27) and 
the group with a Quetelet 
index under 25 
(n = 45); logrank test, 
ρ > 0.10. 
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Fig. 3.8: Projected 20 
survival rate of diagnostic 
groups 1 (n = 34), 2 (n 
= 26),3(n = 10), 4 
(n = 3)and5(n = 3); 
logrank test, ρ > 0.10. 
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Fig. 3.9: Projected 
survival rate of the groups 20-
operated on by surgeon 1 
(n = 30), surgeon! 
(n = 21) and surgeon 3 
(n = 25); logrank test, 
ρ > 0.10. 
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3.4. Discussion and conclusions 
The probability of survival of the Wagner double cup prosthesis in patients 
who had had symptoms for longer than 5 years preoperatively is better than 
that of the group of patients with more recent symptoms. One possible 
explanation of this is that patients with symptoms of long standing had 
adjusted better to their handicap and behave more cautiously after operation 
in spite of the marked alleviation of the pain. 
As it was expected that a previous hip operation might adversely influence 
the probability of survival of the Wagner prosthesis, this parameter was 
tested. Earlier hip operations might have impaired the blood circulation, thus 
causing avascular necrosis. Also, most correction osteotomies had been 
performed to correct a coxa valga; as a result the femoral cup may be 
implanted to some extent in a varus position, which adversely influences the 
mechanical weight-bearing (Gerngross et al, 1981). However, the differences 
in probability of survival proved not significant. 
The double cup prosthesis was regarded as indicated for young patients, in 
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particular (Wagner, 1978; Grujic and Soreff, 1982; Nishio et al, 1982). 
However, Head (1981) and Amstutz et al (1981) observed more frequent 
loosening in their young, more active patients. Nevertheless, other authors 
(Paz Jimenez et al, 1983; Capello et al, 1982; Herberts et al, 1983; Mogensen 
et al, 1982) continue to consider this prosthesis suitable for patients in the 
younger age category. 
In our group of patients, the age difference did not significantly affect the 
probability of survival although there were indications of earlier loosening of 
the prosthesis in patients under 40 years. In our series, a heavier weight 
bome by the prosthesis due to obesity was not a cause of a worse probability 
of survival. On the contrary, this probably was even slightly better for heavier 
patients. Shea (1982) asserts that patients weighing more than 90 kg are more 
suitable for a resurfacing prosthesis than for a conventional endoprosthesis. 
Opinions regarding the indication for the resurfacing prosthesis vary and 
have gradually changed. Severe primary coxarthrosis is generally regarded as 
an indication. For the category of secondary arthrosis, views do not concur. 
Wagner (1978) saw severe dysplasia, also, as an indication, whereas others 
regard deformation of the femoral head or acetabulum as a contraindication 
(Coventry, 1982; Amstutz et al, 1981; Trentani and Vaccarino, 1981). 
Freeman and Bradley (1983) observed loosening in 38.9% of the patients 
with rheumatoid arthritis. In their opinion, this was largely due to the 
osteoporosis that accompanies rheumatoid arthritis. It appears from other 
publications, also, that this type of prosthesis has a short survival in patients 
with rheumatoid arthritis (Trentani and Vaccarino, 1981; Trepte et al, 1984; 
Jolley et al, 1982). Grujic and Soreff (1982) had 50% patients with rheuma-
toid arthritis in their series. However, in their material these patients after a 
follow-up of 2 years had not had more loosenings than the others. Murray 
and Van Meter (1982) observed in their series that the proportion of 
loosenings was highest in patients with a post-traumatic arthrosis, while the 
results were best in patients with primary coxarthrosis. Amstutz et al (1984) 
also regard primary coxarthrosis as the principal indication. 
In our own series, as well, patients with primary coxarthrosis appear to have a 
longer survival of their prosthesis, although the difference is not significant. 
It is logical to expect that patients who make greater demands of their 
prosthesis through more intensive activity run a greater risk of loosening of 
the prosthesis. Amstutz et al (1981) in his material found that this was indeed 
the case. In our own series, the results in the more active patients are not 
significantly worse than those in the less active patients. 
Analysis of one variable at a time revealed few significant differences. It 
seems not unlikely that combination of several variables in relation to the 
probability of survival would have led to more significancies. 
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To recapitulate, in our material double cup prostheses were implanted in 
young patients (mean age 50.6 years) and twice as many females as males 
were operated. In 44%, the preoperative diagnosis was primary coxarthrisis, 
in 43% it was secondary coxarthrosis and in only 5% was it rheumatoid 
arthritis. Where indications and age were concerned, therefore, our material 
was similar to most of the series reported in the literature. 
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CHAPTER 4 
The clinical follow-up 
4.1. Introduction 
As loosening of more and more Wagner double cup prostheses was observed, 
the need was felt for a clinical follow-up examination of all patients in whom 
the prosthesis was still in situ. 
An invitation in writing resulted in a total of 61 patients with 67 Wagner 
prostheses being seen in the months of July and August 1982. One patient 
had died of a myocardial infarction 13 months after the operation; 16 
prostheses in 14 patients had been revised in the meantime. The duration of 
the follow-up at the time of the clinical re-examination ranged from 10 to 71 
months with an average of 43 months. The attendance of 100% testifies to 
the active interest of those concerned. 
4.2. Evaluation methods, Harris score 
In addition to the patient's subjective experiences, we need an objective 
picture of the state of the operated hip, and this can be formed in a number of 
ways. 
The Judet brothers (1952), Merle d'Aubigné and Postel (1954) and Charnley 
(1972) used a six-point recording system for pain, mobility and walking 
capacity. Salvati and Wilson (1973) and Amstutz et al (1978) use a modifica-
tion of the Merle d'Aubigné scale, classifying pain, muscle strength, mobility, 
function and walking capacity on a ten-point scale. Objective evaluation of 
the scales 0 to 6 or 0 to 10 is a difficult question. Meticulous history-taking 
and examination, performed always by the same examiner, are required. The 
degree of improvement is found by comparing preoperative and postopera-
tive scores. It is not possible, however, to reduce the ultimate results to one 
single score. This renders it difficult to compare patients with each other and 
to assess the results in one patient at different times. 
Shepherd and Coldfield (1960), Larson (1963) and Harris (1969) describe a 
hip evaluation scheme, the final result of which can be expressed as a single 
figure. Harris' system has more niceties of distinction so that it provides a 
more exact and differentiated picture of the patient's functional condition. 
We share the view that in the final assessment the patient's pain and 
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functional capacity should be evaluated as the main factors, because in most 
patients with hip disorders it is these two factors that most influence the 
indication for operation. In our view, Harris' widely used evaluation scheme 
meets these requirements best. This scheme had worked well in our clinic, 
also (Slooff, 1970), which made us decide to use it for our clinical follow-up, 
as well. 
The Harris Hip Evaluation System (appendix VII) has a maximal score of 
100 points, divided as follows: 
pain 44 points 
function 47 points 
absence of deformities 4 points 
mobility 5 points 
total 100 points 
Rating pain is always imperfect as it is assessed subjectively. For uniformity's 
sake, history-taking and examination should be performed by the same 
examiner. 
Trendelenburg's test yields important information on the stability of the hip 
joint, so that it is important for assessment of function. Still, the functional 
result as emerging from the assessment of the gait is more important than a 
possibly positive result of this test. For this reason, Harris did not include the 
test in his system. 
We have recorded the test results and the differences in leg lengths but these 
findings were not given points in the evaluation scheme. 
The ultimate score can be classified as follows: 
90 - 100: excellent 
80 - 89: good 
70 - 79: fair 
< 70: unsatisfactory 
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4.3. Statistical analysis of data obtained at clinical follow-up examination 
The data obtained at the clinical follow-up were encoded (appendix IV). 
Explanation: 
At the clinical follow-up examination, patients were asked whether they had 
undergone an operation on the contralateral hip after implantation of the 
first Wagner double cup prosthesis. It was found that of the 61 patients, 9 had 
been operated on the contralateral hip: 
• double cup prosthesis 6 
• total hip endoprosthesis 2 
• subtrochanteric shortening osteotomy 1 
• no operation 52 (n = 61) 
The use of elbow crutches, the activity level and the subjective assessment of 
the result of the operation were scored. 
At anamnesis and examination, the Harris Hip Evaluation System was used. 
The Harris score at the time of the clinical follow-up could be compared with 
the preoperative Harris score (appendix I). The Harris score was rounded off 
to the nearest whole figure because the original figure with two decimal 
places - due to the score for mobility - suggested a non-existent accuracy. 
In regard to hip mobility, the improvement or deterioration of flexion, 
extension, abduction, adduction, exorotation and endorotation were recor-
ded in degrees. 
4.4. Results of the analysis of the clinical follow-up data 
4.4.1. Introduction 
Suitable for analysis of this group were the 61 patients subjected to the 
clinical follow-up examination. At the time of the clinical follow-up, 6 of 
these had bilateral double cup prostheses. In these cases, only the prosthesis 
implanted most recently was included in the analysis. 
In view of the differences in duration of the follow-up period, to begin with 
the patients were divided into three groups for result evaluation. 
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Interval between double cup operation and clinical follow-up examination: 
< 24 months 4 
24 to 48 months 37 
> 48 months 20 (n = 61) 
Per group, a number of parameters were compared. It was found that on the 
average, the groups differed only little in: 
- duration of symptoms before operation 
- all items of the Harris score. 
Accordingly, we could refrain from this subdivision and all the patients, with 
greatly varying durations of follow-up (10 to 71 months) were assessed as one 
group. 
At the clinical follow-up examination, the Trendelenburg test was performed 
and recorded. Twelve times it was found to be positive. Since this test had 
not been systematically carried out or recorded, preoperatilvely, the effect of 
the operation on this test could not be analysed. 
4.4.2. Activity level 
At the clinical follow-up examination the patient was asked about the nature 
of his or her work and whether this had changed as the result of the 
operation. It was found that preoperatively, most of the working patients had 
mentioned a particular profession but in reality were no longer active in it. 
Postoperatively, many of them avoided strenuous activities in spite of the 
absence of the former pain symptoms. Most female patients did household 
work. They were asked if they did so by themselves (light work) or with 
assistance (partial light work). For 61 patients this enquiry yielded the 
following results: 
unable to work 
partial light work 
light work 
partial heavy work 
preoperative 
0 
27 
27 
7 
postoperative 
1 
30 
24 
6 
52 
4.4.3. Evaluation Harris score 
Preoperatively, the total Harris score (maximum 100) ranged from 26 to 71 
(preoperative mean 43.5, SD 10). 
At the clinical follow-up, the Harris score was found to range from 43 to 100, 
with a mean of 80 (SD 15). No positive correlation was observed between the 
pre- and postoperative Harris scores, in other words, a high preoperative 
Harris score did not mean a relatively better result. 
Harrisscore 
90-100 
80- 89 
70- 79 
<70 
excellent 
good 
fair 
unsatisfactory 
clinical follow-up 
22 
14 
10 
15 (ii=61) 
The relationship between the preoperative Harris scores and those at the 
clinical follow-up of these 61 patients is shown in fig. 4.1. The patient who 
falls exactly in the diagonal in this figure had the same Harris score at clinical 
follow-up as preoperatively. 
Only two patients had a lower Harris score postoperatively than preoperati-
vely. At the clinicial follow-up it was found that these patients, unlike all 
others, according to radiological and clinical criteria had a loose double cup 
prosthesis. 
The clearest sign of improvement is seen when we compare the severity of 
the pain before operation with that at the clinical follow-up (fig. 4.2). Only 
one patient had more pain at the clinical follow-up than preoperatively, while 
in two patients the pain was unchanged. Preoperatively, the mean score for 
pain was 12, SD 5.0; at the clinical follow-up, the mean score for pain was 35 
(SD = 8.7). 
When we consider total function before operation and at the clinical follow-
up, we find an improvement in most cases here, also (fig. 4.3). However, the 
number of patients with deterioration (7) is larger here. Preoperatively, the 
mean score for total function was 24 points (SD = 7.5). At the clinical follow-
up, this mean amounted to 36 points (SD = 7.9). Subdividing function into 
gait pattern (fig. 4.4) and activities of everyday life (fig. 4.5), we find better 
improvements of the gait pattern than of the daily activities. Mean number of 
points scored for the gait pattern increased from 16 (SD = 6.0) preoperati-
vely to 26 points (SD = 6.2) at clinical follow-up. For the activities of 
everyday life, the mean score rose from 8 points preoperatively to 11 points 
at the clinical follow-up. 
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Fig. 4.6 shows that in four patients, the Harris score for mobility was lower at 
the clinical follow-up, while it had remained unchanged in 18 patients. 
Thirty-nine patients had a better mobility at the clinical follow-up than 
before the operation. 
At the clinical follow-up, the difference between the mobility at that time and 
that before operation was recorded in degrees (rounded off to 5°), distin­
guishing between improvement and deterioration. 
Table 4.1 presents a survey of these changes in mobility of the 61 statistically 
evaluated hips. 
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Table 4.1 
impr. const, deter, max. impr. mean impr. max. deter. 
numbers in degrees 
flexion 
extension 
abduction 
adduction 
exorotation 
endorotation 
31 
34 
49 
48 
37 
47 
9 
24 
6 
9 
7 
5 
21 
3 
6 
4 
17 
9 
+30° 
+30° 
+45° 
+40° 
+40° 
+60° 
+ 5° 
+ 5° 
+15° 
+ 10° 
+ 5° 
+ 10° 
-60° 
-30° 
-20° 
-10° 
-45° 
-15° 
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Mean improvement of flexion was only 5°. In 21 patients, the flexion capacity 
showed a decrease postoperatively. Exorotation, also, showed only little 
mean improvement. The endorotatory capacity, however, did show a distinct 
increase: in 47 of the 61 hips. Extension capacity improved in 34 hips with, as 
a rule, elimination of a flexion contracture present preoperatively. 
As regards the absence of contractures, there was hardly any difference 
between the Harris scores before operation and at the clinical follow-up. The 
same applied to flexion contractures, since with the Harris Hip Evaluation 
System, flexion contractures are only scored if they exceed 30°. 
As fig. 4.7 shows, the score for absence of contractures remained unchanged 
in 47 patients. Twelve patients showed an improvement of one point, while 
two patients developed a contracture so that their total score fell from 4 to 3. 
4.4.4. Use of crutches 
Immediately postoperatively the patients used two forearm crutches for 
walking. Use of two crutches lasted from one to six months after operation 
with a mean of 2.5 months. The subsequent use of one crutch ranged from 
minimally 1.5 month postoperatively to maximally until the clinical follow-up 
examination. At this examination it was found that 26 patients still used one 
stick while walking outdoors. Fifteen patients had used some sort of support 
preoperatively, but no longer did so at the clinical follow-up. Conversely, 12 
patients had walked without support before operation but at the clinical 
follow-up were found to be using a stick or crutch, for safety's sake or from 
habit. 
4.4.5. Subjective assessment of the results of the operation 
At the clinical follow-up examination, the patients were asked about their 
subjective assessment of the result of the operation, and their objections and 
persistent symptoms, if any. This yielded the following classification: 
excellent result 29 
good result 19 
fair result 9 
unsatisfactory result 4 (n = 61) 
Accordingly, over three-quarters (78.7%) classified the results as either 
excellent or good. 
Of the four patients who called their results bad, two were found to have a 
loose double cup prosthesis; the third was still in pain and hip function was 
less good than before operation. The fourth patient had continued pain after 
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revision of a Smith-Petersen cup. The last-mentioned two patients showed no 
radiological signs of loosening. The cause of the pain could not be esta­
blished. 
There exists a positive correlation between the total Harris score at the 
clinical follow-up and the subjective assessment of the surgical results by 
these 61 patients (Spearman's rank correlation coefficient ρ < 0.001; fig. 
4.8). 
4.5. Conclusions clinical follow-up 
At the clinical follow-up examination, the mean Harris score was found to 
amount to 80 as against a preoperative mean of 43.5. The two patients whose 
Harris score was lower at the clinical follow-up examination were found to 
differ from the others in that according to radiological and clinical criteria 
they had a loose prosthesis. In this respect it should be noted, however, that 
the clinical diagnosis of 'loosening' by definition implies a low Harris score. 
At the clinical follow-up examination, 60% of the patients had a Harris score 
over 80: an excellent or good result. The subjective assessment of the surgical 
result turned out even better: 80% of the patients regarded their results as 
excellent or good. The correlation between the Harris score and the subjec­
tive assessment is positive. The factor most improved by the operation is 
pain. Total function also shows improvement after operation. Of the total 
function, the factor 'gait pattern' proportionally shows a larger increase than 
the factor 'activities of everyday life'. 
In 7% of the patients, mobility had deteriorated at the clinical follow-up 
examination; in 65% mobility had improved compared with the preoperative 
state. The capacities of ab- and adduction and of endorotation showed the 
greatest improvement. 
Twenty-five per cent of the patients at the clinical follow-up examination did 
not need a crutch or stick for walking, while preoperatively, they had been 
using some sort of support. Conversely, 20% of the patients had grown so 
accustomed to additional support that they continued to use it. 
The pattern of activities had not been materially altered by the operation. 
4.6. Discussion 
Comparison of the various publications on follow-up of double cup prosthe­
ses is difficult because they use so many different schemes for evaluation of 
the hip. More uniformity in this respect would facilitate the evaluation of the 
results obtained. 
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Almost 50% of the points of the Harris score depend on the factor pain. Pain 
being a subjective criterion, it is important that precisely the questions 
regarding pain are asked in a standardized manner. 
Asked about the subjective result at the clinical follow-up examination, 7% 
of our patients complained of pain of which no objective cause could be 
found. Trepte et al (1984) report this idiopathic pain in 11%, while Murray 
and Van Meter (1982) established pain in 51.6% of the patients. Schreiberet 
al (1984) had only 25% patients who were free from pain. Probably, part of 
these pain symptoms are due to micro-movements of the femoral component 
that have not caused radiologically observable changes of position. When we 
compare our series of patients with a double cup prosthesis with the results of 
the total hip endoprosthesis of Beckenbaugh and Ilstrup (1978), we find that 
of their patients, 93% had an excellent or good Harris score, as against only 
60% in our own material. This is a somewhat meagre result considering the 
fact that the figure does not include the 16 hips which at the time of the 
follow-up examination had already been revised because of loosening. The 
subjective result of 80% excellent and good, although admittedly higher, is 
still substantially lower than the results of Beckenbaugh and Ilstrup. In their 
series, the percentage of subjectively excellent and good results was identical 
to the results of the Harris score. The results of, for instance, Freeman et al 
(1978), Amstutz et al (1981,1984) and Herberts et al (1983) at their follow-up 
of double cup prostheses were, in their view, similar to those of the conventi-
onal endoprosthesis. 
Gore et al (1985) compared hip function of 20 patients after a resurfacing hip 
prosthesis with that of 20 patients after a conventional hip prosthesis. The 
surface replacement patients postoperatively had less pain, better hip mobi-
lity and more muscle force and they walked faster. Two years postoperati-
vely, the resurfacing group still retained this advantage over the patients with 
a conventional total hip prosthesis. 
Table 4.2 presents a survey of the various results concerning postoperative 
changes of mobility after a double cup prosthesis. 
Table 4.2 
flexion-extension ab-/adduction exo-/endorotation 
Capello et al (1982) 
Holz et al (1980) 
Wagner (1978) 
Personal material 
+44° 
-25° 
+ 16° 
+10° 
+49° 
+20 à 25° 
+22° 
+25° 
+41° 
+20 à 25° 
+25° 
+ 15° 
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In this respect, Capello et al (1982) had the best results, which is probably 
due to the fact that they used a prosthesis of a type slightly different from the 
Wagner prosthesis that was used in the other cases. Interestingly, Holz et al 
(1980) saw a substantial decrease of the flexion-extension range, viz. 25°. 
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CHAPTER 5 
Radiological study 
5.2. Introduction 
This chapter describes the method of radiological evaluation of the pre- and 
postoperative X-rays and the criteria by which these X-rays were judged. 
Any radiological changes could be detected by comparing X-rays made at 
intervals after the operation. 
5.2. Radiological evaluation pre- and postoperative X-rays 
5.2.1. Radiological evaluation of preoperative X-rays 
The scheme proposed by Wroblewski and Charnley (1982) for the classifica-
tion of the radiological morphology of the osteoarthritic hip was used in our 
clinic and also applied to the patients in whom a double cup prosthesis was 
implanted. A few items were added to this scheme: presence of cysts and the 
measurements of femoral neck length, CCD angle and CE angle. 
For the evaluation of the preoperative X-rays, appendix II was drawn up. 
Explanation appendix II: 
We used the morphological grading proposed by Wroblewski and Charnley 
(1982). We considered protrusio acetabuli to be present if the base of the 
acetabulum touched or passed Köhler's line (Hubbard, 1969). Cysts in the 
femoral head and acetabulum in the preoperative X-rays were assessed 
because of the possible relationship between presence of these cysts and 
loosening of the prosthetic components. The numbers of cysts were someti-
mes difficult to determine, depending on the quality of the X-rays and the 
observer's experience (Brand et al, 1985). 
Femoral neck length, CCD angle and CE angle were measured as described 
in the literature (Evers, 1966; Briickl et al, 1972; Busse et al, 1972: Tonnis, 
1976). Femoral neck length was defined as the maximal distance between the 
delimitation of the head and the greater trochanter. The CCD angle was 
measured in the usual way. Fifteen times, prior to the implantation of the 
double cup prosthesis, a correction osteotomy was performed, which was 
usually of a varus-inducing nature. This influenced the CCD angle before the 
double cup operation. Fairly often, the CE angle was found to be relatively 
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large due to formation of an osteophyte at the edge of the acetabulum. 
Conversely, in pronounced subluxation the angle could be negative. 
5.2.2. Radiological evaluation of postoperative X-rays 
The postoperative X-rays were evaluated with the aid of appendix III. 
Explanation appendix III: 
We chose as the immediately postoperative X-ray either the X-ray made in 
the operating theatre or that made on the 5th postoperative day, depending 
on their quality. Normally, X-rays were made 3, 6 and 12 months postoperati-
vely and subsequently once every year. If several X-rays were available, the 
nearest to these dates were selected for evaluation. At the clinical follow-up 
examination, A.P. X-rays of the pelvis and axial X-rays of the operated hip of 
every patient were made. The latter was omitted if this X-ray had been made 
less than 6 weeks previously at a normal check-up visit. 
Acetabular component 
The quality of the X-ray might be adequate for the acetabulum (assessment 
of interface) but inadequate for the femoral component (assessment trochan-
teric bone density). Whether an acetabular cup had been cemented in in a 
neutral position or in ante- or retroversion could be seen in the axial X-rays 
(McKee and Watson-Farrar, 1966), 
The part of the cup unsupported by bone was determined as described by 
Capello and Trancik (1982) (fig. 5.1). 
Radiolucent lines 
The width of the radiolucent lines was measured in mm. How well they could 
be assessed depended on the quality of the X-rays. We used the classification 
of DeLee and Charnley (1976), which in the A.P. X-rays divides the 
radiolucent line round the acetabulum into three segments: a superior, an 
axial and a medial part (fig. 5.2). The evaluation of the axial X-ray added an 
anterior and a posterior part. The maximal widths in every segment were 
recorded. 
Femoral component 
Sometimes an X-ray turned out inadequate in regard to this part of the 
prosthesis if the leg had not been in a neutral position when it was taken. 
Slight exo- or endoration could change the value of the ratio between the 
diameters of the cup and the neck and also that of the neck length. The last-
mentioned value also changed with the magnification factor of the X-ray. A 
difference in magnification factor between a pelvic X-ray and a unilateral hip 
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Fig. 5.1: Part of the acetabular component unsupported 
by bone (after Capello and Trancile, 1982): (A-B)z / (A-0). 
Л 
I 
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Fig. 5.2: Division of 
Μ θ Ο 19.1 ^ 6 circumference of 
the acetabulum into 
three zones in the 
AP X-ray. 
X-ray led to differences in neck lengths measured. For the assessment of the 
position of the femoral cup, the axial X-ray was indispensable. 
The postoperative CCD angle was defined as the angle between the line 
perpendicular to the cup rim and the shaft of the femur (Bassett et al, 1982). 
Finally, the head-neck ratio (index) was measured as described by Capello 
and Trancik (1982) (fig. 5.3). 
Femoral neck length in the postoperative X-rays was defined as the distance 
between the medial femoral cup rim and the swelling point of the lesser 
trochanter. 
Para-articular ossifications 
The following grading was applied (Slooff, 1973; Nollen and Slooff, 1973): 
Grade 0 : no ossifications 
I : ossifications in the region of the mm gluteus médius and minimus, 
without distinct bone structure 
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Fig. 5.3: Measuring the head-neck 
ratio A-B/C-D. 
II : ossifications in the region of the mm gluteus maximus and psoas, 
with distinct bone structure 
III : bridging. 
5.3. Results of evaluation of preoperative X-rays 
Eighty-four double cup prostheses had been implanted in 76 patients; of 74 
patients with a total of 82 implanted prostheses, the preoperative X-rays 
could be evaluated. Two X-ray files were missing. 
Involved side: 
unilateral 39 
bilateral, presenting as unilateral 18 
bilateral, presenting as bilateral 17 
THA other side 8 (n=82) 
Most radiological diagnoses were in agreement with the clinical diagnoses. 
There were discrepancies in 16 patients who were diagnosed radiologically as 
failures of previous surgery while clinically they were classified by their 
underlying disease. 
The data concerning the morphological criteria evaluated in the preoperative 
X-rays according to Wroblewski's system are shown in tables 5.1 and 5.2. 
They give an impression of the degree of osteoarthritis, the destruction of the 
femoral head and acetabulum in our material. 
Osteoporosis of the greater trochanter was demonstrable inter alia in 14 of 
the 15 hips previously subjected to osteotomy, and in the three hips in which 
previously a Smith-Petersen cup had been implanted. 
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Table 5.1 
Arthritis upper pole number 
grade 0 
I 
II 
III 
4 
33 
31 
11 
assessment not possible 3 (n=82) 
Table 5.2 
Morphological features yes no assessment not possible 
Incipient arthritis 
Normal medial pole 
Protrusio acetabuli 
Concentric arthritis 
Destructive arthritis 
Acetabular type 
Quadrantic headnecrosis 
- superior 
- axial 
- medial 
Joint space still present 
Osteoporosis greater trochanter 
4 
27 
8 
46 
60 
33 
18 
9 
-
61 
27 
75 
52 
74 
33 
19 
49 
61 
70 
79 
18 
52 (n=82) 
Presence of cysts in acetabulum and femoral head: 
cysts in acetabulum: 
classification by cyst number: none 
one 
many 
assessment not possible 
classification by cyst size: 
27 
28 
24 
3 
small (<4 mm) 25 
large (4-8 mm) 21 
very large (>8 mm) 6 
none, or assessment not possible 30 
(n=82) 
(n=82) 
67 
cysts in femoral head: 
classification by cyst number: none 
one 
many 
assessment not possible 
12 
8 
58 
4 (n=82) 
classification by cyst size: 
Measurement findings 
small (<4 mm) 38 
large (4-8 mm) 25 
very large (>8 mm) 3 
none, or assessment not possible 16 (n=82) 
Femoral neck length ranged from 52 to 93 mm with the median at 76 mm. 
The 25th percentile was 71 mm; the 75th percentile, 83 mm. 
The CCD angle ranged from 125° to 157°, with the median at 140°. 
The 25th percentile was 136° and the 75th percentile, 142°. 
The CE angle ranged from -13° to +72°, with the median at 37°. 
The 25th percentile was 27° and the 75th percentile, 45°. 
5.4. Results of evaluation of postoperative X-rays 
The postoperative X-rays were available of 82 out of the 84 implanted double 
cup prostheses; for this study, 449 postoperative X-rays were examined anew 
and coded as described before (appendix III). On the average, 5.5 postopera-
tive X-rays were available per operated hip. 
5.4.1. Postoperative evolution 
time elapsed since operation 
immediately 
3 months 
6 months 
1 year 
2 years 
3 years 
4 years 
5 years 
6 years 
7 years 
postoperative 
number of X-rays evaluated 
82 
77 
52 
58 
54 
51 
35 
26 
12 
2 (n=449) 
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Sixty-seven times, the X-ray was made at the same time as the clinical follow-
up examination. At this examination, all 67 prostheses still in situ at the time 
were inspected. Twenty-four X-rays had been made prior to a revision 
operation. 
5.4.2. Acetabular component of the prosthesis 
5.4.2.1. X-ray quality 
In only two cases was the X-ray regarded as inadequate where the acetabu-
lum was concerned, as the cement-bone interface was completely impossible 
to assess. This is a highly subjective assessment, which depends in part on the 
observer's experience (Brand et al, 1985). 
5.4.2.2. Position of acetabular cup 
Position immediately postoperatively 
anteversion 17 
anatomical 44 
retroversion 21 (n=82) 
In 8 cases the position of the acetabular cup underwent changes, detected by 
reviewing the series of succcesive control X-rays (fig. 5.6). 
5.4.2.3. The AC angle 
The AC angles measured in the AP X-rays varied from 30° to 65°, with the 
median at 48°. 
Sudden marked deviations in a series of X-rays were not observed, but 
gradual changes were. If there was a difference in measurement between the 
immediately postoperative X-ray and the most recent X-ray available, in 
most cases it consisted in a slight widening of the AC angle. In only 17 cases 
did the AC angle decrease slightly. 
Evolution of AC angle in postoperative X-rays 
widening: 47 
unchanged: 18 
narrowing: 17 
The AC angle decreased by a maximum of 3° and increased by a maximum of 
16°. In 23 of the 47 hips with widening of the AC angle, the increase was more 
than 4° (fig. 5.4). 
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Fig. 5.4: Widening of the AC angle from 40° to 54° in the course of 5 years. Also, development 
of protrusio acetabuli and of a complete radiolucent line together with varisation of the femoral 
component. 
5.4.2.4. Part of the AC component unsupported by bone 
The part of the AC component unsupported by bone amounted to 15% at 
most. Proportions exceeding 10% were seen only 10 times. 
Interestingly, the proportion of unsupported bone as a rule decreased in the 
course of the follow-up due to spontaneous formation of bone cranially to the 
part of the acetabular component unsupported by bone (fig. 5.5). 
5.4.2.5. Radiolucent lines around the acetabulum 
The development of radiolucent lines around the acetabulum is analysed in 
greater detail for the lines visible in the AP X-ray in tables 5.3, 5.4 and 5.5, 
and for the lines visible in the axial X-ray in tables 5.6 and 5.7. The 
distribution over the various lines is listed in percentages to enable better 
comparison. 
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Fig. 5.5: Bone formation cranially to the part of the acetabular component unsupported by 
bone immediately postoperatively. Also, increase of the index from 1.09 to 1.31 in the course of 
6 years. 
Fig. 5.6: Tilting of the femoral component from neutral to retroversion and of the acetabular 
component from anatomical to anteversion in the course of 5 years. 
71 
Table 5.3 Superior part 
a.n.p. 
immed. p.o. 
3 months p.o. 
6 months p.o. 
1 year p.o. 
2 years p.o. 
3 years p.o. 
4 years p.o. 
5 years p.o. 
6 years p.o. 
7 years p.o. 
total 
0 
1 
0 
1 
0 
0 
0 
0 
0 
0 
2 
a.n.p. = assessment not 
Table 5.4. Axial part 
a.n.p. 
immed. p.o. 
3 months p.o. 
6 months p.o. 
1 year p.o. 
2 years p.o. 
3 years p.o. 
4 years p.o. 
5 years p.o. 
6 years p.o. 
7 years p.o. 
total 
0 
1 
1 
1 
0 
1 
0 
0 
0 
0 
4 
a.n.p. = assessment not 
% 
1 mm 1 mm 2 mm 3 mm 
88 
21 
15 
5 
6 
4 
11 
0 
0 
0 
11 
78 
81 
84 
81 
67 
54 
61 
58 
50 
1 
1 
4 
11 
11 
23 
29 
27 
33 
50 
0 
0 
0 
0 
2 
6 
6 
8 
9 
0 
possible 
% 
<1 mm 1 mm 2 mm 
95 
58 
39 
16 
20 
10 
6 
8 
0 
0 
5 
37 
51 
70 
57 
62 
54 
27 
33 
100 
0 
5 
8 
9 
19 
26 
34 
54 
58 
0 
possible 
4 mm 5 mm assessed 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
4 
0 
0 
82 
76 
52 
57 
54 
51 
35 
26 
12 
2 
447 
3 mm 4 mm assessed 
0 
0 
2 
5 
4 
2 
3 
8 
9 
0 
0 
0 
0 
0 
0 
0 
3 
3 
0 
0 
82 
76 
51 
57 
54 
50 
35 
26 
12 
2 
445 
72 
Table 5.5 Medial part % 
a.n.p. <1 mm 1 mm 
immed. p.o. 
3 months р.о. 
6 months p.o. 
1 year p.o. 
2 years p.o. 
3 years p.o. 
4 years p.o. 
5 years p.o. 
6 years p.o. 
7 years p.o. 
total 
0 
1 
1 
1 
0 
1 
0 
0 
0 
0 
4 
a.n.p. = assessment not 
85 
54 
37 
16 
13 
4 
3 
0 
8 
50 
possible 
15 
45 
51 
67 
56 
46 
34 
19 
25 
0 
Table 5.6 Anterior part 
immed. p.o. 
3 months p.o. 
6 months p.o. 
1 year p.o. 
2 years p.o. 
3 years p.o. 
4 years p.o. 
5 years p.o. 
6 years p.o. 
7 years p.o. 
total 
a.n.p. 
11 
24 
19 
18 
16 
9 
5 
6 
2 
1 
111 
< 1 mm 
97 
64 
49 
25 
24 
17 
3 
10 
10 
0 
a.n.p. = assessment not possible 
2 mm 3 mm 4 mm 5 mm assessed 
0 
1 
12 
14 
24 
40 
48 
50 
25 
50 
0 
0 
0 
3 
7 
6 
6 
23 
42 
0 
0 
0 
0 
0 
0 
2 
3 
4 
0 
0 
0 
0 
0 
0 
0 
2 
6 
4 
0 
0 
82 
76 
51 
57 
54 
50 
35 
26 
12 
2 
445 
% 
1 mm 2 mm 3 mm assessed 
3 
34 
45 
63 
55 
50 
53 
50 
40 
0 
0 
2 
6 
12 
21 
26 
37 
30 
40 
100 
0 
0 
0 
0 
0 
7 
7 
10 
10 
0 
71 
53 
33 
40 
38 
42 
30 
20 
10 
1 
338 
Table 5.7 Posterior part % 
immed. р.о. 
3 months p.о. 
6 months p.о. 
1 year p.o. 
2 years p.o. 
3 years p.o. 
4 years p.o. 
5 years p.o. 
6 years p.o. 
7 years p.o. 
total 
a.n.p. 
12 
23 
18 
16 
14 
7 
4 
6 
2 
1 
103 
a.n.p. = assessment not 
< 1 mm 
99 
52 
62 
26 
23 
11 
3 
0 
0 
0 
possible 
1 mm 
1 
44 
26 
50 
45 
39 
36 
20 
10 
0 
2 mm 
0 
4 
12 
21 
30 
43 
39 
45 
50 
100 
3 mm 
0 
0 
0 
3 
2 
7 
16 
25 
30 
0 
4 mm 
0 
0 
0 
0 
0 
0 
6 
10 
10 
0 
assessed 
70 
54 
34 
42 
40 
44 
31 
20 
10 
1 
346 
The segmental AP X-rays of the hip showed that the radiolucent line first 
developed in the superior weight-bearing part. After one year this picture 
changed; from then on, the radiolucent line increased in width, mostly 
medially and to a lesser extent, axially. In the axial X-rays, the radiolucent 
line was found to be widest in the posterior part. With the passage of time the 
width of the radiolucent line gradually increased. Approx one-third of the 
axial X-rays could not be assessed. 
In table 5.8 the data on the radiolucent lines in the superior, axial and medial 
parts are combined. As this table shows, one year postoperatively the 
radiolucent line was completely absent in only 4%, while at that time it was 
present in full in 73%. This proportion increases to 92% five years postopera­
tively. At that time, the radiolucent line has reached an overall thickness of at 
least 2 mm in 31%. 
5.4.2.5 Correlation between the position of the acetabular cup and the 
radiolucent line 
The next point studied was the correlation between the position of the 
acetabular cup and the radiolucent line. Using X-rays made two years 
postoperatively, existence of differences in thickness and site of the radiolu-
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Table 5.8 Superior, axial and medial parts 
immed. p.o. 
3 months p.o. 
6 months p.o. 
1 year p.o. 
2 years p.o. 
3 years p.o. 
4 years p.o. 
5 years p.o. 
% 
<1 mm 
79 
15 
12 
4 
2 
2 
2 
0 
partial 
18 
56 
41 
23 
24 
11 
9 
8 
% complete 
Sïl 
3 
29 
47 
73 
74 
87 
89 
92 
>2 
0 
0 
0 
3 
6 
18 
23 
31 
total 
82 
77 
52 
58 
54 
51 
35 
26 (n=435) 
cent line in relation to AC angles larger or smaller than 50° (Salvati et al, 
1976) was examined. 
Between these two groups there was no significant difference in maximal 
width of the radiolucent line in the superior, weight-bearing part (Wilcoxon, 
ρ > 0.05); nor was there any significant difference in presence of a radiolu­
cent line in the superior part (Wilcoxon, ρ > 0.05). 
5.4.2.6. Protrusio 
Eight of the 82 hips showed a protrusio acetabuli in the preoperative X-rays 
(table 5.2). In seven of these eight hips, the postoperative X-rays also showed 
a protrusio acetabuli. Four hips were classified as protrusio acetabuli on the 
basis of the X-rays made directly after operation, while preoperatively, 
lesions of this nature had been absent. A protrusio was found to have 
developed gradually 2 years postoperatively in one case and 3 years postope­
ratively in one other. In most cases, the degree of protrusio gradually 
increased with the passage of time. 
5.4.2.7. Leakage of bone cement 
Four times, there was leakage of cement into the pelvis; leakage of cement 
into the soft tissues was seen 21 times, mostly in a medial localization. 
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5.4.2.8. Distribution of cernent 
An excess of cement medially led to lateralization of the cup. This was 
observed in 22 of the 82 cases. 
5.4.3. The femoral component of the prosthesis 
5.4.3.1. X-ray quality 
In only three cases was the postoperative X-ray inadequate for assessment of 
the femoral component. In these cases the leg during the exposure had been 
lying with too much rotation to allow reliable measurement of the postopera-
tive CCD angle and the index. 
5.4.3.2. Position of femoral component 
The position of the femoral component was determined from the axial X-
rays. 
position: immediately, postoperatively 
anteversion 14 
anatomial 39 
retroversion 29 (n=82) 
In 29 cases, the femoral component was cemented in retroversion. In 18 
cases, a gradual change of the position of the femoral component became 
radiologically visible (fig. 5.6): 
neutral —* retroversion 10 
neutral —» anteversion 3 
retroversion —» neutral 4 
anteversion —• retroversion 1 (n = 18) 
5.4.3.3. The postoperative CCD angle 
As recommended by Wagner, the cup was placed in a slight valgus position, 
which causes a widening of the CCD angle. Consequently, the CCD angle as 
a rule was wider post- than preoperatively (69 times). The immediately 
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postoperative CCD angle ranged from 116° to 170°, with a median of 148° 
(median CCD angle preoperatively, 140°). In 13 cases, the postoperative 
CCD angle was narrower than the preoperative one, or had remained 
unchanged. Fig. 5.7 shows the relationship between the preoperative and the 
immediately postoperative CCD angles. The evolution of the CCD angle 
after operation was followed in each individual patient. In 60 operated hips a 
usually gradual but sometimes sudden narrowing of the CCD angle was 
observed (femoral component shifting to a varus position). This narrowing 
grew more pronounced with the passage of time (fig. 5.8). The maximal 
narrowing of the CCD angle amounted to -51°. Six times, the CCD angle 
remained unchanged, and 16 times it widened. This widening ranged from 1° 
to 9° with a mean of 4°. The mean difference in CCD angle between the X-
rays made directly postoperatively and the most recent X-ray available in the 
entire group of 82 hips amounted to -6.7°. 
130 
120-
120 130 MO 150 160 170 
CCD pre-op 
Fig. 5.7: Relationship between CCD angles before and immediately after operation. 
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5.4.3.4. Index 
The index - the ratio of the diameters of the cup and the femoral neck - was 
measured and followed with the passage of time in each patient. Immediately 
Fig. 5.8: Narrowing of the CCD angle from 154° to 127° in the course of 3 years due to varus 
tilting of the femoral component with a decrease of femoral neck length from 73 to 57 mm; also, 
development of a complete radiolucent zone round the acetabulum. 
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postoperatively, the index varied between 1.0 and 1.36 in 80 operated hips. 
The indices of two hips could not be measured reliably due to an excessive 
retroversion position of the cup. 
The mean postoperative index was 1.13 (SD 0.08). The 25th percentile was 
1.07 and the 75th percentile, 1.18. 
In most cases, the index increased during the follow-up period (fig. 5.9). On 
the medial side, especially, the distance between cup rim and femoral neck 
(B-D) increased, whereas laterally the cup generally remained in direct 
contact with the femoral neck (fig. 5.10). A slight decrease of the index was 
seen in 8 cases; the maximal decrease amounted to 0.06 and the mean 
decrease to 0.04. The mean index of the 80 hips measured increased from 
1.13 immediately postoperatively to 1.21 in the most recent X-ray available. 
The highest ultimate value was 1.68, the lowest 1.00. 
Fig. 5.9: Increase of the index from 1.07 to 1.34 in the course of 6 years 
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Fig. 5.10: Decrease of femoral neck length from 95 to 76 mm with varus tilting of the femoral 
component and narrowing of the CCD angle from 148° to 138°. Increase of index due to increase 
on the medial side of the distance between cup rim and femoral neck. X-rays made immediately 
after operation and after 2, 5 and 7 years. 
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5.4.3.5. Impingement 
In a number of cases of protrusio acetabuli impingement against the femoral 
neck could develop. This phenomenon could also be caused by an acetabu-
lum implanted in retroversion and very flatly. It was observed in 7 hips. 
5.4.3.6. Femoral neck length 
In the X-rays made immediately after operation, femoral neck length ranged 
from 55 mm to 96 mm with a median of 77.2 mm. In the most recent X-ray 
available this value ranged from 40 to 90 mm with a median of 72.8 mm. The 
mean difference in femoral neck length between the immediately postopera-
tive X-ray and the most recent X-ray available amounted to -3 .1 mm. 
Measurement of the femoral neck length was found to be less reproducible 
than measurement of an angle such as an AC or CCD angle or measurement 
of the index. Differences in magnification factors of the X-rays could lead to 
differences in neck lengths measured. 
In most cases, a gradual decrease of the femoral neck length was observed; 
this decrease could sometimes become sudden when a loose femoral cup 
tilted to a varus position. In 12 cases there was a decrease of 15 mm or more, 
with a maximum of 36 mm. In 10 of these cases, the femoral neck length was 
measured in the X-ray made immediately before a revision operation. In the 
other two cases, the decreases were 15 and 19 mm, respectively, but no 
revision operations had yet been performed (fig. 5.10). 
5.4.3.7. Osteoporosis of the greater trochanter 
Nineteen hips postoperatively displayed osteoporosis of the greater trochan-
ter. In one case, the osteoporosis developed in the course of the follow-up 
period. In the other 18 cases, the osteoporosis was already demonstrable in 
the X-ray made immediately after the operation, and had been caused by 
earlier operations. The osteoporosis persisted 10 times, while 8 times it 
disappeared during the follow-up period. 
5.4.3.8. Para-articular ossifications 
The para-articular ossifications were graded from 0 to III (table 5.9). 
Three times, a grade I para-articular ossification was already visible in the X-
ray made immediately postoperatively. These ossifications were the conse-
quence of operations performed earlier. The other 79 immediately postope-
rative X-rays showed no para-articular ossifications. As early as 3 months 
postoperatively, a grade I para-articular ossification was visible in 47% and a 
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Table 5.9 Para-articular ossifications 
immed. p.о. 
3 months p.o. 
6 months p.o. 
1 year p.o. 
2 years p.o. 
3 years p.o. 
4 years p.o. 
5 years p.o. 
grade 0 
96 
45 
38 
29 
28 
23 
26 
19 
I 
4 
47 
52 
57 
57 
63 
46 
54 
II 
0 
7 
8 
9 
9 
6 
11 
12 
III 
0 
1 
2 
5 
6 
8 
17 
15 
total 
82 
77 
52 
58 
54 
51 
35 
26 
grade II para-articular ossification in 7%. One of the hips which immediately 
after operation had a grade I para-articular ossification was classified as a 
grade III para-articular ossification 3 months postoperatively. In this patient, 
the ossification was resected, after which a grade I para-articular ossification 
persisted which remained unchanged in the next two years (fig. 5.11). 
Once one year has passed after the operation, hips with para-articular 
ossifications increase only slightly in number and severity. 
5.5. Conclusions radiological study 
Gradual changes of position of the implanted prosthetic components occur­
red. In addition, para-articular calcifications developed as a consequence of 
the surgical trauma; their degree and extent were followed radiologically. At 
the bone-cement interface round the acetabulum a radiolucent zone develo­
ped. 
Changes concerning the acetabular component: 
- In 10% of the hips the position of the acetabular component in the axial X-
ray changed. 
- The AC angle immediately postoperatively was 48°. 
In 57% of the cases, the angle subsequently widened gradually, in 22% it 
remained unchanged and in 21%, it narrowed slightly. 
- That part of the acetabular component initially unsupported by bone 
gradually became overgrown with bone. 
- Radiolucent lines round the acetabulum increased with the passage of time, 
especially in the medial part. 
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Fig. 5.11: Rapid development of para-articular ossifications up to grade III followed by 
resection. 
S3 
Only 4% failed to show a radioluccnt line one year postoperatively. At that 
time, this line was already complete with a width of at least 1 mm in 73%. 
After five years, the width of the line had increased to at least 2 mm in 
31%. 
An acetabulum implanted at a steep angle (AC angle > 50°) did not lead to 
an earlier or wider radiolucent line, than one implanted more horizontally 
(AC angle < 50°). 
Fig. 5.12: Change of position of femoral component. 
The change of position of the femoral cup that was found to occur to a 
greater or lesser extent is shown in fig. 5.12. This phenomenon resulted in the 
following changes of the femoral component: 
- In 22%, the position of the femoral component in the axial X-ray changed. 
- The CCD angle immediately postoperatively was on the average 8° wider 
than preoperatively. 
In 73% the CCD angle narrowed during the postoperative period. The 
mean narrowing for the group as a whole was 6.7°. 
- The index increased from 1.13 immediately postoperatively to 1.21 in the 
most recent X-ray available. 
- Femoral neck length decreased in the course of the postoperative period 
from 77.2 mm to 72.8 mm. 
- Para-articular ossifications developed in the soft tissues. Their classification 
in the X-rays made one year postoperatively was: 
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grade О 29% 
grade I 57% 
grade II 9% 
grade III 5% 
5.6. Discussion 
The accuracy of the radiological follow-up after implantation of a double cup 
prosthesis depends on the quality of the X-rays (Bassett et al, 1982). 
Comparability of successive X-rays of the same patient necessitates standar­
dization of the radiographic technique and identical positioning of the patient 
(Clarke et al, 1976; Carlsson and Gentz, 1984). Unless these conditions are 
met, quantification of changes of position of the prosthetic components will 
not be completely reliable. A different position of the leg affects femoral 
neck length and, to a lesser degree, the CCD angle and the index. For 
optimal comparability the leg, under fluoroscopic control, would have to be 
so positioned that the opening of the femoral component is perpendicular to 
the film. A difference in magnification factor between a survey X-ray of the 
pelvis and a unilateral hip X-ray also leads to a difference in femoral neck 
length measured. This explains a single greatly deviating neck length in the 
same patient. Angle measurements (AC angle; CCD angle) and ratios 
(index) are not affected by a difference in magnification. The exposure of the 
X-ray film is of importance for the assessment of the radiolucent lines and the 
porosis in the trochanteric region. 
Determination of a change of position of the acetabular and femoral compo­
nents necessitates an X-ray in the axial projection. A so-called lateral X-ray 
(faux profile) fails to provide this information. A change of position of the 
acetabular component was seen in 10% in the axial X-rays, while in 57%, the 
AP X-rays showed a widening of the AC angle. In the literature, the change 
of position is called 'tilting' (Mendes, 1973; Stauffer, 1982) and correlated 
directly with migration of the cup. However, migration involves displacement 
of the cup in the cranial direction, as well (DeLee and Charnley, 1976). The 
literature reports no percentages of tilting of the acetabular cup in double cup 
prostheses. However, the large proportion with tilting in our series suggests 
poor fixation of the acetabular component. Another criterion of this, at least 
as important, is presence of radiolucent lines around the acetabulum. While 
presence of a radiolucent line does not necessarily mean a loosened prosthe­
sis (DeLee and Charnley, 1976), spread of this line does suggest loosening 
(Salvati et al, 1976). The spread might be due to micro-motions (Reckling et 
al, 1977; Willert et al, 1974). 
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When we compare presence of radiolucent lines in our series in the X-rays 
made three years postoperatively with the observations by Freeman and 
Bradley (1983) (155 hips, mean follow-up 3.2 years) and by Amstutz et al 
(1984) (100 hips, maximal follow-up 38 months), we find the following: 
complete: 
> 1 mm > 2 mm 
Amstutz et al (1984) 57% 11% 
Freeman and Bradley (1983) 57% 2% 
Personal material 87% 18%. 
The proportion of cases with complete radiolucent lines after a total hip 
endoprosthesis was smaller in one of Amstutz's series: 36% after 4 years. 
DeLee and Charnley (1976) in a 10-year follow-up study of total hip 
endoprostheses saw no radiolucent lines round the acetabulum in 30%. 
Salvati et al (1976) following up their series of hip endoprostheses for an 
average of 3 years, saw a radiolucent line thinner than 1 mm in two-thirds. 
Amstutz et al (1984) think that factors contributing to the higher frequency of 
radiolucent lines round the acetabulum in double cup prostheses are the 
thinness of the cup wall and of the cement layer. Freeman and Bradley (1983) 
believe that impingement, also, contributes to this process. 
The radiological follow-up has demonstrated that changes occur not only 
round the acetabular but also round the femoral component of the prosthe-
sis. Owing to the radiopacity of the total femoral component, changes of the 
bone structure beneath the cup and changes of the cement-bone boundary 
layer beneath the cup cannot be discerned with prostheses of this type. The 
ceramic femoral component subsequently developed by Wagner (1978) 
eliminates this drawback, but it has not been used in our material. Accor-
dingly, the examination had to be restricted largely to changes of position of 
the femoral component in successive X-rays. There is a tendency to an 
increasingly varus position of the femoral cup to be observed with time 
(narrowing CCD angle; decrease of femoral neck length). 
The only possible cause of increase of the index is resorption of the femoral 
neck, since the diameter of the femoral cup is constant. Bone resorption 
centrally beneath the cup is probably a contributory factor. This phenome-
non also explains the decrease of femoral neck length. The load distribution 
on the prosthesis explains why the distance between cup and neck is smaller 
on the lateral than on the medial side. Schreiber et al (1983, 1984) observed 
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similar radiologically demonstrable changes of the position of the femoral 
cup. In their material (the X-rays of only 11 patients were adequately 
comparable) they saw a mean shortening of the femoral neck by 2 mm 
annually. Gerngross et al (1981) demonstrated in an experimental study that 
a varus position of the femoral component affects the load distribution more 
unfavourably than a valgus position. However, an excessive valgus position 
may lead to notching on the cranial side of the femoral neck during the 
preparation of the head (Freeman, 1978). In our material, immediately 
postoperatively the femoral cup showed a mean valgisation of 8°. The 
combination of varisation of the femoral component and resorption of neck 
bone will not fail to affect the stability of the femoral component. 
Radiological changes in the soft tissues in the form of development of para-
articular ossifications occur frequently. In our material, only 29% of the X-
rays made one year postoperatively did not show ossifications. The literature 
gives the following proportions of ossifications developing after a double cup 
prosthesis: 
Wagner (1979) 19% 
Duparc et al (1979) 25% 
Amstutz et al (1981) 43% 
Freeman and Bradley (1981) 26% 
Albassir and Litt (1984) 25% 
Dustmann and Godolias (1984) 16% 
Most of these proportions are slightly higher than the 21% found by Brooker 
et al (1973) and the 20% found by Hamblen et al (1971) in follow-up studies 
of conventional hip endoprostheses. 
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CHAPTER 6 
Correlation of radiological and clinical findings 
6.1. Introduction 
In this chapter, the radiological findings are correlated with the clinical 
results. A number of parameters obtained by radiological examination are 
considered and their clinical relevance is tested. 
6.2. Analysis of the results of preoperative radiological evaluation 
The question was raised as to whether the length of time elapsed before 
revision surgery was different in two groups of patients: 
survival 
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Fig. 6.1: Projected survival rate of the group with unilateral symptoms (n = 56) and of the 
group with bilateral symptoms (n = 18); logrank test, ρ > 0.10. 
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- with unilateral lesions, or presenting as unilateral 
- with bilateral lesions, or with a prosthesis in the other hip. 
It was found that these two groups did not differ significantly as regards the 
length of time until revision surgery (logrank test, ρ > 0.10) (fig. 6.1). The 
next question was whether there was a difference in this length of time 
between patients without necrosis of the femoral head and those whose 
preoperative X-rays did show necrosis in one of the segments. As fig. 6.2 
shows, there was no significant difference between these groups either 
(logrank test, ρ > 0.10). The findings obtained were also used to determine 
whether a difference existed between the group of patients whose preopera­
tive X-rays showed no cysts, or at most one small cyst in the acetabulum, and 
the group in whom many small or one or several larger cysts were demonstra­
ble. The difference between these groups was not significant (logrank test ρ 
> 0.10) (fig. 6.3). When the same question was asked in regard to cysts in the 
femoral head, identically classified, the interesting finding showed no signifi­
cant difference there, either (logrank test, ρ > 0.10) (fig. 6.4). 
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Fig. 6.2: Projected survival rate of the group without head necrosis (n = 54) and the group with 
head necrosis (n = 17); logrank test, ρ > 0.10. 
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acetabulum (n = 35) 
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Fig 6 4 Projected 
survival rate of the group 
without cysts in the 
femoral head (n = 35) 
and the group with cysts 
in the femoral head (n 
= 36), logrank test, ρ 
> 0 10 
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6.3. Analysis of the results of postoperative radiological evaluation 
6.3.1. Acetabular component of the prosthesis 
The question was analysed whether there was a difference in length of time 
elapsed before revision surgery between the group of patients whose X-ray 
made immediately postoperatively showed the cup in an anatomical position 
and those in whom the cup had been primarily cemented in in retro- or 
anteversion. There was no significant difference between these groups (log-
rank test, ρ > 0.10) (fig. 6.5). 
Subsequently, the group of patients with a change of the AC angle was 
studied. As described in chapter 5 under 'AC angle', in 47 of the 82 hips 
followed up radiologically, this angle was wider in the latest X-ray available 
than in that made immediately postoperatively. 
In 23 hips the widening amounted to 4° or more. Ten of these hips were 
revised. In six of these ten, a macroscopically loose acetabular component 
was encountered during the revision operation. In three cases, the acetabu-
survlval 1 
100-
8 0 -
6 0 
4 0 -
2 0 -
T ι ι | ι | ι ι ι ι ι ι ι ι - -ι Ι ι Γ 
10 20 30 40 SO 60 70 80 90 
post-op period ( mo ) 
Fig. 6.5: Projected survival rate of the group in which the acetabular component was cemented 
in ante- or retroversion (n = 36) and the group in which the acetabular component was 
cemented in anatomically (n = 38); logrank test, ρ > 0.10. 
.non-anatomical 
anatomical \ 
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lum had held, while in one case this circumstance had not been recorded in 
the operation protocol. 
Six times, the AC angle showed a widening of 7° or more, viz. 7°, 10°, 12°, 14°, 
14° and 16°, respectively. In the last-mentioned four cases, revision surgery 
was performed. The increases by 7° and 10° concerned the left and right hips 
of the same patient. Despite this gradual tilting of the cup, revision was not 
indicated clinically. 
Protrusio acetabuli 
The clinical results of the group of patients in whom none of the postopera­
tive X-rays showed a protrusio acetabuli (n = 63) and the group of patients 
with a protrusio (n = 11) were compared. Fig. 6.6 shows that there was a 
significant difference between these groups (logrank test, ρ < 0.005), with 
the protrusio group requiring revision earlier. 
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Fig. 6.6: Projected 
survival rate of the group 
without protusio 
acetabuli (n = 63) and 
the group with protrusio 
acetabuli (n = 11); 
logrank test, ρ < 0.005. 
Distribution of cement 
A comparison was made of the clinical results in the group of patients whose 
acetabular cup was situated too far laterally because of too much bone 
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cement medially, and those in whom this was not the case. Fig. 6.7 shows that 
there was no significant difference between these groups where the interval 
until revision surgery was concerned (logrank test, ρ > 0.10). 
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Fig. 6.7: Projected survival rate of the group without lateralization of the acetabular component 
(n = S3) and the group with lateralization of the acetabular component (n = 21); logrank test, ρ 
> 0.10. 
6.3.2. Femoral component of the prosthesis 
Position femoral cup 
Just as for the acetabular cup, for the femoral cup it was determined whether 
there was a difference between the group in whom the immediately postope­
rative X-ray showed the cup cemented in a neutral position, or in retro- or 
anteversion. Fig. 6.8 shows that the group with the non-anatomical position 
seemed to fare even better, although the difference was not significant 
(logrank test, ρ > 0.10). 
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Fig 6 9 Projected 
survival rate of the group 
with the CCD angle wider 
postoperatively than 
preoperatively (n = 12) 
and the group with the 
CCD angle narrower 
portoperatively than 
preoperatively (n = 62), 
logrank test, ρ > 0 10 
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Postoperative CCD angle 
The first analysis concerned the question whether the group of patients with 
the femoral cup implanted in a varus position (CCD angle narrower after 
than before operation) required revision earlier than the group with the cup 
cemented in a valgus position (CCD angle wider after than before opera­
tion). Fig. 6.9 shows that the prostheses implanted in a varus position 
required revision sooner; however, this difference was not significant, either 
(logrank test, ρ > 0.10). 
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Fig. 6.10: Variations of mean CCD angles postoperatively with 2x the SD per moment in the 
group with a revision within 5 years (--) and the group without revision within 5 years (—). 
The next question was if the changes of the CCD angle differed between the 
following groups: 
I patients with a revision within 5 years 
II patients with a revision after 5 years or no revision (follow-up at least 5 
years). 
For group I, the change considered was the difference between the CCD 
angles in the immediately postoperative X-ray and the X-ray made just 
before the revision; for group II, the difference between the CCD angles in 
the immediate postoperative X-ray and the 5-year X-ray. 
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The numbers of cases in which the CCD angle widened, narrowed or 
remained constant are listed in table 6.1. 
Table 6.1 
Group I 
Group II 
Total 
widened 
4 
2 
6 
CCD angle 
constant 
1 
0 
1 
narrowed 
15 
5 
20 
total 
20 
7 
27 
The frequency distribution of the number of cases in which the CCD angles 
had widened or narrowed was not different in the two groups (χ2 test, ρ = 
0.90). 
The variations of the mean CCD angles in the postoperative period with 2 x 
the standard deviation per moment in both groups are listed in fig. 6.10. This 
strongly suggests that the narrowing of the CCD angle in the revision group 
exceeded that in the non-revision group. 
Clinical results of patient group with narrowing of the CCD angle: 
As described in the preceding chapter, in most cases the CCD angle gradually 
narrowed with the passage of time. In 18 hips, this narrowing exceeded 10°. 
Of these prostheses, 14 were revised. Twelve times, the revision operation 
revealed a loose femoral component; once, a fracture of the femoral neck 
was found and, in one case, the cause was not mentioned in the operation 
protocol. Of the four prostheses not revised, three were found to show a wide 
CCD angle only in the X-ray made immediately after operation, probably 
due to a flexion-exorotation position of the limb during exposure. In one 
case, the femoral component gradually migrated to a varus position without 
bringing about a clinical indication for revision surgery. 
Index 
Just as for the analysis of the CCD angle, once more patients were divided 
into two groups: those in whom the prosthesis had had to be revised within 5 
years and those in whom the prosthesis was still in situ 5 years postoperati­
vely. 
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The variations of the mean index with 2 x the standard deviation per 
moment for both groups is shown in fig. 6.11. There was no difference 
between these two groups. 
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Fig 6 11 Variations of mean index with 2x the SD per moment m the group with a revision 
within 5 years (--) and the group without revision within 5 years (—) 
In 15 cases, the index was found to have increased by more than 0.15 between 
the immediately postoperative X-ray and the latest available X-ray. Six of 
these prostheses were revised: four times, the femoral component was loose 
and twice this circumstance was not recorded in the operation protocol. In 
the other nine cases, the gradual resorption of the neck had not (yet) led to 
clinical loosening. 
Impingement and the necessity of revision 
The question arose whether prostheses that showed impingement necesitated 
revision earlier than those that did not. Fig. 6.12 suggests that this was the 
case, but the difference proved not to be significant (logrank test, ρ > 0.10). 
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Fig. 6.12: Projected survival rate of the group without impingement (n = 68) and the group with 
impingement (n = 6); logrank test, ρ > 0.10. 
Para-articular ossifications 
The development of para-articular ossifications prompted investigation of 
the following points: 
1. The development of para-articular ossifications in the several diagnostic 
groups; 
2. the relationship between para-articular ossifications and use of the modi­
fied Smith-Petersen incision and the McFarland incision; 
3. the relationship between para-articular ossifications and hip mobility. 
sub 1: 
Occurrence of para-articular ossifications was correlated with the different 
diagnostic categories. Grade II or III para-articular ossifications were found 
to have developed 11 times, distributed as follows over the different diagnos­
tic groups: 
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Diagnostic group grade Il/grade III 
para-articular ossifications 
Primary coxarthrosis 4 (37) 
Secondary coxarthrosis: 
- Perthes 0 ( 5) 
- Congen. disloc./dysplasia 2 (17) 
- Epiphysiolysis 1 ( 4 ) 
- Posttraumatic arthrosis 2 ( 6 ) 
- Coxitis 1 ( 4) 
Rheumatoid arthritis 0 ( 4 ) 
Smith-Petersen cup revision 0 ( 3 ) 
Others 1 ( 4) 
( ) numbers in the population 
This shows the absence of any direct relationship between the original clinical 
diagnosis and the development of para-articular ossifications. Although it 
seemed curious that none of the four patients with rheumatoid arthritis 
developed a para-articular ossification, the same held true of patients with 
Perthes' disease and those with a Smith-Petersen cup revision. 
sub 2: 
This point was studied with the aid of the X-rays made 2 years postoperati­
vely, if available. Table 6.2 lists the para-articular ossifications per incision as 
revealed in the X-rays made 2 years postoperatively. 
Tabel 6.2 
Incision 
Smith-Petersen 
McFarland 
Total 
no 2-yr X-
8 
20 
28 
•ray 
para-
О 
3 
11 
14 
-articular ossifications 
I II III 
3 
25 
28 
3 
1 
4 
0 
2 
2 
total 
9 
39 
48 
After testing (Wilcoxon's two sample test, ρ > 0.5), it was found that 2 years 
postoperatively there was no significant difference in occurrence of para-
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articular ossifications between the groups of patients subjected to the incisi­
ons mentioned. 
sub 3: 
So as to be able to correlate mobility with the degree of para-articular 
ossification, we divided the patients into two groups: 
group A: para-articular ossifications grade 0 and grade I 
group B: para-articular ossifications grade II and grade III. 
Table 6.3 shows the distribution of groups A and В over the various Harris 
scores for mobility (maximal Harris score for mobility, 5). 
Table 6.3 
Harris score unknown 
1 
2 
3 
4 
5 
Total 
group 
1 
2 
1 
12 
36 
52 
A group 
1 
0 
0 
6 
2 
9 
В total 
(15) 
2 
2 
1 
18 
38 
61 
Patients of group A had achieved better mobility than those of group В 
(Wilcoxon, ρ = 0.01). 
The mean changes per type of movement between the preoperative situation 
and that at the clinical follow-up were also tested for both groups (table 6.4). 
The mean postoperative increase of flexion and endorotation was signifi­
cantly less in patients with grade II or grade III para-articular ossifications 
than those without para-articular ossifications. Where abduction was concer­
ned, there was a trend in this direction. 
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Table 6.4 
Flexion 
Extension 
Abduction 
Adduction 
Exorotation 
Endorotation 
group Α (η=52) 
mean 
3o 
8o 
15° 
12° 
6o 
16° 
SD 
15° 
90 
13° 
11° 
17° 
16° 
group В 
mean 
-16° 
1° 
6o 
11° 
0o 
4o 
(n=9) 
SD 
23° 
17° 
16° 
8o 
10° 
11° 
Wile, test 
Ρ 
0.04 
0.23 
0.06 
0.82 
0.16 
0.04 
6.4. Discussion and conclusions 
Of all parameters tested, only protrusio acetabuli proved to affect the 
probability of survival of the prosthesis. Although bilateral hip joint disease 
has sometimes been regarded as a contraindication to a double cup prosthesis 
(Trentani and Vaccarino, 1981), this parameter in our group did not affect 
the result. Out of the 8 patients in whom double cup prostheses were 
implanted bilaterally, four have had bilateral loosening of the prostheses and 
revision operations in the meantime. This poor result matches the results of 
the group as a whole. It was interesting to note that cysts in the acetabulum 
and femoral head visible in the preoperative X-rays did not exert an adverse 
effect on the anchoring of the prosthetic components to such an extent that 
loosening occurred earlier in these patients than in the group without visible 
cysts. 
We regarded complete head necrosis as a contraindication to implantation of 
a double cup prosthesis. At the radiological re-evaluation, 17 hips (20%) 
were found to show partial head necrosis. Most of these cases occurred in the 
secondary arthrosis group. The probability of survival in this group was 
found to be not worse than in the group without head necrosis. Wagner 
(1979) and Motta and Zurla (1982) include partial head necrosis in the range 
of indications for the double cup prosthesis. The proportion of patients with 
osteonecrosis in the series of Amstutz et al (1981) amounted to 22%; Jolley 
et al (1982) saw 19% patients with osteonecrosis. Dutton et al (1982) 
reported the results of 55 patients with osteonecrosis in whom a Tharies 
prosthesis was implanted. Results were better in traumatic osteonecrosis 
than in osteonecrosis due to use of alcohol or steroids. In spite of a total of 
18% cases of loosening of the femoral component after a mean follow-up of 3 
years, Dutton et al included the double cup prosthesis in the range of 
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therapeutic possibilities for this difficultly treatable group of patients. Tren-
tani and Vaccarino (1981) and Trepte et al (1984) explicitly list osteonecrosis 
as a contraindication. 
The probability of survival of an acetabular or femoral component which the 
axial X-ray showed to have been implanted primarily in a non-anatomical 
position was not worse than that of such components implanted in an 
anatomical position. Interestingly, a femoral component cemented in a varus 
position did not loosen more rapidly than cups implanted in a valgus position. 
Holz et al (1980) and Trepte et al (1984) in their follow-up studies arrived at 
the same conclusion. Evidently, the theoretically unfavourable varus position 
(Gerngross et al, 1981; Lohfert and Holz, 1981) was not the decisive factor 
where cup-loosening was concerned. 
A protrusio acetabuli did exert an unfavourable influence on the duration of 
survival of the prosthesis; probably, the loosening of the acetabular compo-
nent in these cases was accelerated by an impingement as well (Swanson and 
Mech, 1978). Lateralization of the acetabulum was found to have little 
influence and not to lead to a significant difference with the group in which 
lateralization did not occur. 
Experience gained in the revision group taught us that a change of position 
by more than 10° of both the acetabular and the femoral component 
indicated that the component in question was loose. Displacements by less 
than 10° did not necessarily mean a loose component. 
The mean CCD angle in the revision group was narrower than that in the 
non-revision group. Clearly, the process of loosening was accompanied by 
more pronounced varisation of the femoral component in the revision group 
than in the non-revision group. 
The degree of resorption of the femoral neck, expressed as the index, was not 
more marked in the revision group than in the non-revision group. On the 
other hand, a gradual increase of neck resorption with the passage of time 
occurred in the group as a whole. 
The para-articular ossifications occurred in all diagnostic groups except in 
patients with rheumatoid arthritis and Perthes' disease. The patients were 
not given Indometacin prophylactically. 
Development of para-articular ossifications does appear to depend on the 
surgical approach to the hip joint. The proportion was lower, namely, after 
hip operations via a posterolateral approach. We found no difference in 
occurrence of para-articular ossifications between the modified Smith-Peter-
sen incision and the McFarland incision. Trepte et al (1984), on the other 
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hand, saw more ossifications after the Smith-Petersen incision than after the 
Watson-Jones lateral approach. 
Para-articular ossifications of grades II and III impaired the mobility of the 
hip. Flexion, endorotation and abduction were particularly affected.Only 
once was a patient reoperated on for this reason. In one other case, the 
ossifications were removed during a revision operation. Dustmann and 
Godolias (1984) also saw distinct impairment of mobility in the group with 
grade II and grade III para-articular ossifications; Albassir and Litt (1984) 
even observed this impairment in 15% of their entire material, while 
Freeman and Bradley (1983) saw it in only 2%. 
To conclude, para-articular ossifications may be regarded as a troublesome 
complication. 
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CHAPTER 7 
Analysis of the revision group 
7.1. Introduction 
During the period covered by the clinical follow-up (from 1976 to February 
1984) 28 of the original group of 84 prostheses were revised in 25 patients. 
Twenty-five revisions were carried out in the St Radboud Hospital, three 
patients had their operations elsewhere. The distribution of the numbers of 
revision operations over the years is shown in fig. 7.1. Also, during this 
period five double-cup prostheses (in four patients) that had been implanted 
elsewhere were revised in the St Radboud Hospital: two Wagner double cup 
prostheses and three Stenum prostheses. This group of five prostheses was 
not included in this analysis. 
Appendix V was drawn up to be used for the analysis of the data concerning 
the revision operations. Only the 28 prostheses belonging to the original 
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Fig. 7.1: Numbers of Wagner prostheses implanted and revised per year. 
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group revised in the St Radboud Hospital were used for the analysis: of the 
three prostheses revised elsewhere not all operation data were known. 
f requency 
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Fig. 7.2: Age distribution of the patient populations with implanted and revised prostheses. 
7.2. Results of analysis of revision data 
In order to gain an impression of the age groups of reoperated patients, a 
column diagram was prepared (fig. 7.2). It shows how many patients per 10-
year age group were reoperated. In relation to the total number of patients, 
revision was found to be required particularly often in the under-40 groups. 
In fig. 7.3 the interval is plotted that elapsed between implantation of the 
double cup prosthesis and the revision. Most revision operations were 
performed within 6 years after the implantation of the prosthesis, with a fairly 
even distribution over these 6 years. The mean interval until reoperation was 
40 months, with a range from 1 to 86 months. 
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Fig. 7.3: Intervals between implantation of Wagner prostheses and the revision operation. 
Table 7.1 gives the patients' sex distribution and shows that more women 
than men were reopera ted. Table 7.2 lists the left-right distribution. More 
revision operations were performed on left than on right hips. 
Table 7.1 
Sex double cup operation revision operation 
Men 
Women 
Total 
25 
51 
76 
5 
20 
25 
Table 7.2 
Side affected 
Left hip 
Right hip 
double cup operation 
43 
41 
revision operation 
20 
8 
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The diagnoses are classified in table 7.3. Patients with rheumatoid arthritis 
and with secondary coxarthrosis, with the exception of Perthes' disease, were 
reoperated relatively often, while patients with primary coxarthrosis accoun­
ted for a smaller proportion of the revision group. 
Table 7.3 
Classification of diagnoses 
Primary coxarthrosis 
Secondary coxarthrosis 
- Perthes 
- Cong, dislocation/dysplasia 
- Epiphysiolysis 
- Posttraumatic arthrosis 
- Coxitis 
Rheumatoid arthritis 
Smith-Petersen cup revision 
Others 
Total 
double cup 
operation (%) 
37 
5 
17 
4 
6 
4 
4 
3 
4 
84 
(44) 
( 6 ) 
(20) 
( 5 ) 
( 7 ) 
( 5 ) 
( 5 ) 
( 3 ) 
( 5 ) 
revision 
operation (%) 
6 
1 
8 
2 
3 
2 
3 
1 
2 
28 
(21) 
( 4 ) 
(28) 
( 7 ) 
(Π) 
( 7 ) 
(И) 
( 4 ) 
( 7 ) 
Table 7.4 lists some clinical and radiological parameters which together 
constituted the indication for revision surgery. Pain constituted the main 
criterion. In some cases the pain developed gradually; the weight-bearing 
capacity of the leg decreased and the patients started to limp. Once more 
they needed a cane. In other cases, the pain had an acute onset and the 
patient could pinpoint the moment. 
Table 7.4 
Indication for revision yes no unknown 
Decreased weight-bearing capacity 
Pain 
Radiological assessment 
- Acetabular component loose 
- Femoral component loose 
Suspicion of infection 
25 
27 
13 
16 
5 
1 
0 
11 
7 
19 
2 
1 
4 
5 
4 
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Five times, the possibility of an infection was considered before operation 
because of a slightly raised BSR. In these cases, gentamicin-palacos beads 
were implanted after removal of the prosthesis. Culturing revealed an 
infection caused by Staphylococcus aureus in only one case. 
Additional radiological examinations 
When a loose double cup prosthesis was suspected, push-pull and abduction/ 
adduction X-rays were made in a number of cases. Twice, arthrography of 
the hip was performed to determine the fixation of the acetabulum. A 
preoperative bone scan was made in 19 cases; no bone scan had been made in 
7 cases and in 2 cases this circumstance was not known. To begin with, a 
technetium scan was made. Of 19 such scans, 15 were judged positive and 4, 
negative. In case of increased activity (7 cases), a strontium scan was made 
for better differentiation between mechanical and infectious loosening; of 
these strontium scans, five were positive and two, negative. 
Fixation prosthetic components 
The findings concerning the fixation of the femoral and acetabular compo-
nents at reoperation are listed in table 7.5. 
Table 7.5 
Fem. comp. 
Loose 
Fixed 
Unknown 
Ac. comp. loose 
11 
6 
0 
fixed 
5 
1 
0 
unknown 
1 
0 
4 (n=28) 
In only one case was it found during the revision operation that the fixation 
of both the acetabular and the femoral component was still sufficient. This 
was a patient who was reoperated because of a femoral neck fracture one 
month after implantation of the double cup prosthesis. 
In about half the cases the acetabulum on the side of contact with the femoral 
component displayed an irregular surface with signs of wear of the polyethy-
lene (fig. 7.4). 
A loose acetabular component corresponded in 80% with a complete radio-
lucent line wider than 2 mm. Table 7.6 surveys the width of the radiolucent 
line in the presence of a loose acetabular component as compared with the 
entire group in the X-rays made 3 years after the operation. 
109 
Table 7.6 
radiolucent line % 
% complete 
<1 mm partial >1 mm >2 mm total 
Loose acetabular component 0 7 93 80 15 
Population 3 yrs p.o. 2 11 87 18 51 
The question arose whether the projected survival rate of patients with a 
loose femoral component would run a different course from that of those 
with a loose acetabular component. As fig. 7.5. shows, there was no 
substantial difference between the two curves. 
Nature of the revision operation 
In 23 of the 28 reoperated patients a conventional total hip endoprosthesis 
was implanted. Nine patients required additional cancellous bone plasty for 
anatomical restoration of the acetabulum. In the other five cases, no prosthe-
sis was implanted and a Girdlestone situation was created (once because of 
infection and four times because of poor bone quality and obesity). 
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Fig. 7.5: Projected survival rate of the group with a loose femoral component (n = 15) and the 
group with a loose acetabular component (n = 15); logrank test, ρ > 0.10. 
7.3. Discussion and conclusions 
A proportion of 33% loosenings in our material after a mean follow-up of 5.1 
years is unacceptably large. From the literature it appears that in other series 
of patients, also, loosening is the main complication of the resurfacing 
prosthesis. 
Table 7.7 presents a survey of the percentages of loosening reported in the 
literature, with subdivision into loosening of the acetabular and femoral 
components and occurrence of fractures. 
Although an earlier analysis had revealed no significant difference in survival 
rate between the age groups under 40 years, 40-60 years and over 60 years, 
fig. 7.2 shows that in relation to the total number of patients, revision 
occurred particularly often in the under-40 groups. We have no explanation 
for the findings that the revision group included more females than males and 
that the left hip had to be revised more often than the right one. 
4 . FC loose 
AC loose 
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Table 7.7 
Author 
Holz (1980) 
Amstutz (1981) 
Head (1981) 
Boettcher (1982) 
Capello (1982) 
Jolley (1982) 
Murray (1982) 
Freeman (1983) 
Herberts (1983) 
Bell (1985) 
Personal material 
Total 
mean 
follow-up 
in years 
4 
2-5 
3 
4 
3 
3 
1-3 
3 
2.5 
1-4 
5 
loo-
sening 
% 
24 
5 
34 
32 
15 
13 
22 
17 
16 
8 
33 
AC 
loose 
16 
4 
2 
13 
3 
0 
5 
5 
8 
6 
62 
FC 
loose 
2 
2 
5 
22 
3 
5 
0 
0 
1 
6 
46 
AC + FC 
loose 
numbers 
8 
4 
2 
9 
7 
0 
10 
2 
8 
11 
61 
frac-
tures 
2 
0 
3 
5 
0 
2 
1 
2 
1 
1 
17 
In our revision group, patients with rheumatoid arthritis and secondary 
osteoarthritis proved to require revision more often than patients with 
primary coxarthrosis. Freeman and Bradley (1983) in their follow-up study 
found a proportion of loosenings of 39% of the patients with rheumatoid 
arthritis. They blamed this on the osteoporosis associated with the arthritis. 
Amstutz et al (1984) still saw an indication for the double cup prosthesis in 
patients with primary coxarthrosis, because the results in this diagnostic 
category were good, also when compared with the conventional total hip 
prosthesis. 
In our material, pain and decreased weight-bearing capacity of the leg 
constituted the main indications for reoperation. A change of position of one 
of the prosthetic components in the X-ray which caused no symptoms did not 
constitute an indication for reoperation. Bell et al (1985) found that in 
patients who had a loose acetabular component that had not changed 
position in the X-ray, the pain had gradually grown worse. In patients who 
complained of sudden aggravation of pain, the acetabular component was 
found to have shifted. We were unable to find this precise difference in our 
material. 
The technetium scan proved highly useful for the distinction between idiopa-
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thic pain and pain due to a loosened double cup prosthesis (Müller et al, 
1981; Thomas et al, 1982). Capello et al (1980) made a bone scan before 
operation as well, to assess the bone quality of the femoral head. With this 
type of prosthesis, arthrography provides only limited information because 
the interface between bone and the metal femoral component does not show 
up in the film. 
In the X-rays of the entire population made three years postoperatively, 18% 
show the radiolucent line completely developed and wider than 2 mm. In the 
group with a loose acetabular component, this proportion was 80%. Accor-
dingly, a loose acetabular component was mostly accompanied by a wide 
radiolucent line. Increasing thickness of a radiolucent line was suggestive of 
loosening, but on the other hand, a complete radiolucent line might be 
present without clinical symptoms of loosening. 
The classification of loosenings (table 7.7) shows that both the acetabular and 
the femoral component have a tendency to loosen. Isolated loosening of the 
acetabular component was seen more often than loosening of a femoral 
component alone. 
At the revision operation, implantation of a conventional hip prosthesis 
proved possible in 86% of the cases. On the femoral side of the joint, this 
intervention gave no technical problems, because at implantation of the 
double cup prosthesis, the medullary cavity had not been opened up. On the 
acetabular side, however, so much bone had been resorbed in 32% that a 
cancellous bone plasty was necessary, while in 14% implantation of a new 
prosthesis was not advisable or feasible for technical reasons. Revision of a 
double cup prosthesis is considered to be technically simpler than revision of 
a conventional hip endoprosthesis (Bradley and Freeman, 1983; Capello et 
al, 1982; Reigstad, 1982; Reigstad and Hetland, 1984; Thomas and Amstutz, 
1982; Steele et al, 1985). However, the follow-up of this group has not yet 
been long enough to allow assessment of the results. 
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CHAPTER 8 
Histological study 
8.1. Introduction 
Thirty femoral head-neck specimens obtained during revision of double cup 
prostheses were used to study the histological behaviour of the tissue beneath 
the femoral component of the prosthesis. In this way, an impression could be 
gained of the tissue changes accompanying the loosening process. 
The changes of the bone structure and the development of a connective tissue 
membrane at the bone-cement interface were correlated with the clinical and 
radiological findings obtained earlier. In chapter 10, these findings will be 
considered in connection with the mechanical behaviour of the femoral 
component. 
8.2. Preparation for the histological examination 
During the revision operation, the femoral neck was sawn through and, if 
Fig. 8.1: Gap between cement and femoral neck not filled by pannus tissue. 
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possible, the femoral stump was removed en bloc with the femoral cup. If the 
femoral cup was still fixed to the bone, the metal cup was bisected in the 
frontal plane, using a grinding wheel, after which the metal only was 
removed. Subsequently, the femoral head with adherent cement was also 
bisected in the frontal plane. In most cases, a noticeable gap was observed 
between cement and neck; this space being mostly filled with connective 
tissue but sometimes empty (fig. 8.1). On one occasion, capsular hyperplasia 
was encountered in a woman with rheumatoid arthritis. In this case, the 
capsule was also situated between the cement and the neck. 
The fixation between the cement layer and the femoral cup was always firm. 
On the inside of this cup, the cement showed a rough surface with in it, the 
imprint of the structure of the osseous trabeculae. 
Fig. 8.2: Macroscopical view of remnant of femoral head 60 months after implantation of 
prosthesis because of secondary osteoarthritis in dysplasia. Between cement layer and bone, a 
very thick complete pannus layer; severe deformation of the head with osteoporosis (m: medial; 
magn: 1.3x). 
The femoral head was described macroscopically (figs 8.2 and 8.3) and this 
provided a first impression of bone density, the arrangement of the trabecu-
lar structures, cysts and the expansion of the connective tissue layer at the 
cement-bone interface. Fraxitron images (Hewlett-Packard 43805N X-Ray) 
provided additional information. The cement, and the penetration of cement 
into bone could be visualized radiologically in those cases in which a bone-
connective tissue membrane-cement connection still existed (figs 8.4, 8.5 and 
8.6). 
116 
Fig. 8.3: Macroscopical view of remnant of femoral head with femoral component of the 
prosthesis still fixed, 29 months after implantation of prosthesis because of posttraumatic 
coxarthrosis. Intensive bone resorption in both marginal segments; centrally, bone and cement 
still in contact (m: medial; magn: 1.8x). 
Fig. 8.4: Fraxitron record of remnant of femoral head and cement layer, 29 months after 
implantation of prosthesis because of posttraumatic coxarthrosis. Slight osteoporosis and 
sclerosis in deep segments; severe osteoporosis in superficical segments with marked bone 
resorption by pannus tissue (m: medial: magn: 1.8x). 
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Fig. 8.5: Fraxitron record of remnant of femoral head and cement layer, 39 months after 
implantation of prosthesis because of secondary osteoarthritis after epiphysiolysis. Moderate to 
severe osteoporosis in superficial and deep marginal segments, sclerosis in central superficial 
and partially in deep segment; pannus growth in deep marginal segments (m: medial; magn: 
1.8x). 
Fig. 8.6: Fraxitron record of remnant of femoral head and centrally thick cement layer, 86 
months after implantation of prosthesis because of secondary coxarthrosis in dysplasia. Severe 
osteoporosis alternating with sclerosis and several large cysts (m: medial; magn: 1.8x). 
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The bone was immersed for a few days in a buffered formalin solution (pH 
7.0, 4%). A section of approx 5 mm thickness, sawn parallel to the frontal 
plane was decalcified in a 25% solution of EDTA (ethylenediaminetetraace-
tic acid), pH 7.2, and after dehydration imbedded in Paraplast. Most of the 
methylmethacrylate cement was dissolved by this procedure. Using the Jung 
К microtome, sections 7-8 μπι thick were made, which were then stained with 
haematoxylin-eosin. 
After evaluation of a number of preparations it proved desirable, especially 
for more exact assessment of the cartilaginous and connective-tissue structu­
res, to use additional staining methods, in particular alcian blue, pH 2.8, for 
acid mucopolysaccharides, PAS for neutral mucopolysaccharides, elastine-
van Gieson, reticulin stain after Laguesse, and trichrome after Masson for 
connective tissue, and Perls' and Turnbull's reactions for ferric and ferrous 
iron. 
Fig. 8.7: Representation of the subdivision of the femoral head (I: inferior; S: superior; A: 
anterior; P: posterior). 
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In order to enable evaluation of bone transformation, eight patients were 
given tetracycline (Harris, 1960) (50 mg/kg body weight for three days). A 
slice of these femoral heads was imbedded in methylmetacrylate plastic after 
formol fixation and dehydration. These slices were cut into sections 80-100 
цт thick. The sections were examined by fluorescence microscopy. 
We were interested not only in sections from the frontal plane, but also in 
tissue changes and formation of connective tissue membrane in other parts of 
the femoral head. A number of femoral heads were divided into small 
segments as shown in fig. 8.7. After alcohol fixation and dehydration, these 
small bone segments were imbedded in methylmethacrylate plastic and cut 
into sections 5-6 μτη thick with a motor-driven Jung 1140 microtome. These 
non-decalcified sections were stained with haematoxylin-eosin and Goldner's 
trichrome for assessment of the ossification of the bone. 
8.3. Histological evaluation 
For the standard evaluation we always used the haematoxylin-eosin-stained 
sections from the frontal plane. In view of the results of a pilot study, the 
sections were further divided into six segments (fig. 8.8). The figures were 
arranged in such a way that segment 2 represented the medial lower pole. 
medial lateral 
Fig. 8.8: Division of frontal section of femoral head into six segments. 
Apart from segment 4, every segment had a contact surface with the cement. 
Ten femoral heads had grown so small due to necrosis or bone resorption 
that they were divided into only three segments (see table 8.1). 
In order to achieve a standardized histological evaluation of the femoral 
head, a number of criteria were evaluated identically in each segment 
(appendix VI and explanation). 
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TABLE 8.1 
Case Diagnosis 
Group I 
1 prim, coxarthrosis 
2 rheum, arthritis 
3 rheum, arthritis 
4 posttraumatic 
osteoarthritis 
5 dysplasia 
6 rheum, arthritis 
7 dysplasia 
8 rheum, arthritis 
Group II 
9 dysplasia 
10 primary coxarthrosis 
11 posttraum. 
osteoarthritis 
12 primary coxarthrosis 
13 dysplasia 
14 primary coxarthrosis 
15 primary coxarthrosis 
16 epiphysiolysis 
17 Perthes 
18 Perthes 
19 primary coxarthrosis 
Group III 
20 dysplasia 
21 Perthes 
22 primary coxarthrosis 
23 coxitis 
24 dysplasia 
25 dysplasia 
26 coxitis 
27 epiphysiolysis 
28 cox. laminaire 
29 cox. laminaire 
30 dysplasia 
* not known 
Period 
until 
Type double Fixation 
cup prosthesis femoral 
revision in 
months 
1 
7 
9 
11 
16 
17 
18 
23 
25 
27 
29 
32 
33 
33 
37 
39 
44 
44 
48 
50 
51 
51 
59 
60 
62 
63 
66 
70 
77 
86 
Wagner 
Wagner 
Wagner 
Wagner 
Wagner 
Wagner 
Wagner 
Wagner 
Wagner 
Wagner 
Wagner 
Wagner 
Wagner 
Wagner 
Wagner 
Wagner 
Stenum 
Stenum 
Wagner 
Wagner 
Wagner 
Stenum 
Wagner 
Wagner 
Wagner 
Wagner 
Wagner 
Wagner 
Wagner 
Wagner 
component 
+ 
-
-
— 
-
-
— 
-
-
+ 
-
-
+ 
-
-
+ 
-
-
— 
-
— 
— 
• 
-
-
-
+ 
-
+ 
+ 
Number 
of 
segments 
6 
5 
3 
6 
3 
6 
3 
6 
3 
6 
6 
6 
6 
6 
6 
6 
3 
3 
6 
1 
3 
3 
6 
6 
6 
6 
6 
3 
6 
3 
Details 
fern, neck fracture 
partial necrosis 
osteoporosis+ + 
complete necrosis 
small remnant of 
bone 
osteoporosis 
infection 
osteoporosis + + 
subtotal necrosis 
osteoporosis + 
part, necrosis 
small remnant of 
bone 
large cyst 
For the assessment, the material was classified according to the length of time 
for which the double cup prosthesis had been in situ. This period, as 
mentioned before, ranged from 1 to 86 months. 
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The material was divided into three groups: 
Group I period until revision < 2 years 
Group II period until revision 2-4 years 
Group III period until revision >4 years 
Table 8.1 presents a survey of the 30 histological cases; the periods until 
revision, the types of prosthesis and their fixation at the revision operation; 
the numbers of segments to be evaluated, the original diagnoses and details. 
8.4. Histological findings 
8.4.1. Introduction 
In the femoral heads, i.e. in the osseous tissue, bone marrow and articular 
capsule, histological changes of four types should be distinguished, viz. of a 
regressive, progressive, inflammatory and traumatic type. The regressive 
alterations include necrosis, e.g. of the bone, bone marrow or other structu-
res present, further dystrophic alterations such as degeneration of remnants 
of articular cartilage, osteopenia with 'cyst' formation and atrophy of haemo-
poietic bone marrow. Progressive alterations to be observed are osteosclero-
sis, bone marrow fibrosis, development of a connective tissue membrane 
between bone and cement, chondroid and synovialocytic metaplasia of the 
connective tissue and formation or reconstruction of bone. Inflammatory 
alterations are observed mostly in the form of predominantly mononuclear 
reactive infiltration and occasional polymorphonuclear infiltration, the clea-
ning reaction is further characterized by pathological inclusion bodies in the 
histiocytes and giant cells. Traumatic injury is a direct consequence of the 
surgical intervention. 
Some of the pathological processes were due to the disease for which the 
operation had been performed, e.g. arthrosis deformans, osteoporosis or 
partial osteonecrosis. The others were due to the operation and to the 
reaction to the prosthesis, such as the altered stress distribution in the bone 
and the presence of foreign material; finally, some were due to reactions to 
the micromotions of the implant. 
In some of these alterations, a single pathogenic mechanism can be singled 
out, whereas others are due to several pathogenic mechanisms. The regres-
sive and the progressive processes frequently run parallel and interact. For 
this reason, it is difficult to make an exact analysis and reconstruction of just 
what takes place in the femoral head after the operation. This holds true in 
particular of the rate of development of the processes contributing most to 
the loosening of the prosthesis (figs 8.9, 8.10, 8.11, 8.12 and 8.13). 
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Fig. 8.9: Section of remnant of femoral head, one month after implantation of prosthesis 
because of primary coxarthrosis. The lamina compacta is absent; the pars spongiosa shows 
variable density: slight (Psl) to severe (Pse) osteoporosis; large cysts (Cy) surrounded by 
sclerotic bone; at the lateral edge already a thin layer of pannus (—>). Inferior delimitation is 
fracture line (m: medial; staining: HE; magn: 2x). 
Fig. 8.10: Section of remnant of femoral head, 17 months after implantation of prosthesis 
because of coxarthrosis in rheumatoid arthritis. In the central segment, moderate osteoporosis 
(Pm); sclerosis (S) in the superficial central and lateral segments; lamina compacta destroyed; 
surface covered by pannus (Pa); in the superficial medial segment, a cyst filled by fibrous 
connective tissue (Cy); in medial deep segment, moderate osteoporosis (Pm) (m: medial; 
staining: HE; magn: 3x). 
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Fig. 8.11: Section of remnant of femoral head, 23 months after implantation of prosthesis 
because of coxarthrosis in rheumatoid arthritis. Severe osteoporosis (Pse) with large cysts (Cy); 
collapse of trabecular structure; deformed head with pannus tissue. The lamina compacta (—>) is 
severely narrowed in the deep medial segment and absent in the other areas; marrow shown in 
grey is fibrotic (m: medial; staining: HE; magn: 2x). 
Fig. 8.12: Section of remnant of femoral head, 48 months after implantation of prosthesis in 
primary coxarthrosis. Head entirely covered by thick layer of pannus tissue; lamina compacta 
(•>·) partially preserved in the deep marginal segments; cancellous bone shows moderate (Pm) 
to severe (Pse) osteoporosis; circumscribed sclerosis (S) in superficial central segment (m: 
medial; staining: alcian blue; magn: 2.2x). 
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Fig. 8.13: Marginal segment of remnant of femoral head, 66 months after implantation of 
prosthesis because of secondary coxarthrosis after an epiphysiolysis. Focal sclerosis (S) and 
normal density of cancellous bone; lamina compacta absent; the surface covered by a thick layer 
of pannus tissue (Pa). Fibrinoid dystrophy in the pannus appears black (a: anterior; staining: 
Goldner; magn: 4.6x). 
Qualitatively, the findings were the same in all three groups, so that they 
could not be distinguished either macroscopically or microscopically. There-
fore, we attempted to gain more information by a quantitative study. 
The percentage distribution over the individual segments is represented with 
the aid of a schematic subdivision of the femoral head: 
(superficial segments) 1 3 5 
(deep segments) 2 4 6 
The character X at the place of segment (4) means: does not apply. 
8.4.2. Changes of the bone structure 
Lamina compacta 
Before the femoral cup is implanted, the cartilage is f raised off, and often a 
part of the lamina compacta as well. However, the remnant of the lamina 
compacta may also be partially or wholly destroyed by osteoclastic activity or 
by formation of a connective tissue membrane from the periphery of the cup 
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Fig. 8.14: Superficial medial segment with pannus tissue, lamina compacta (—>) markedly 
narrowed; at one place destroyed (^) ; at the left edge, thickened compacta; pars spongiosa 
shows severe osteoporosis; the bone marrow is predominantly lipomatous (staining: HE; magn: 
130x). 
between the cement layer and the bone surface. This membrane is called the 
pannus layer (pannus is Latin for piece of cloth) (fig. 8.14). 
The lamina compacta was destroyed entirely or in part in 73% of all segments 
examined. Absence of the lamina compacta was distributed as follows: 
72 86 90 
38 X 68 
This shows that destruction of lamina compacta occurs most frequently in the 
lateral and the central superficial segments. Preservation of lamina compacta 
was seen mostly in the medial deep segment. When preserved, the lamina 
compacta was thinner than normal, but some thick layers were also seen. The 
percentage distribution of the thick lamina compacta was: 
14 4 3 
17 X 0 
The bone resorption (see explanation appendix VI) on the surface of the 
femoral head was seen in most cases to be correlated with the presence of 
pannus. The percentage distribution of destruction in the superficial layer 
was as follows: 
89 67 93 
83 X 84 
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A very intensive bone resorption was seen in almost 40% of the segments, 
with the following distribution: 
43 37 50 
17 X 48 
In the superficial central segment (3) less destructive activity is seen because 
here as a rule the lamina had already virtually disappeared. The osteolysis of 
viable as well as necrotic bone was due to activity of mono- or polynuclear 
osteoclasts at the bone-pannus interface (figs 8.15 and 8.16). 
:^, ^Nifc. 
Fig. 8.15: Detail of central superficial segment; partially necrotic lamina compacta (Ν) covered 
with cell-rich pannus (Pa); pronounced osteolysis by mononuclear (—>) and polynuclear (^) 
osteoclasts; small ball of cement in a cyst in the pannus at the left upper edge (staining: HE; 
magn: 130x). 
Bone reconstruction (see explanation appendix VI) at the surface was seen in 
the following percentage distribution: 
54 52 45 
61 X 53 
Some reconstruction was observed in over 50% of the segments but only 10% 
showed intensive transformation (fig. 8.17). The segments did not differ 
substantially in this respect. Reconstruction occurred mostly on the side of 
the bone lamellae not facing the pannus. 
Pars spongiosa 
The characteristic arrangement of the bone trabeculae had disappeared in 
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Fig. 8.16: Thickened trabecule in medial deep segment of normal cancellous bone, covered with 
pannus tissue (Pa); intensive 'smooth' bone resorption by mononuclear osteoclasts (—>) (stai­
ning: HE; magn: 350x). 
. >*' -ti 
Fig. 8.17: Osteolysis and osteoblastic apposition side by side in superficial lateral segment: on 
the surface necrotic lamina compacta (Ν) with ossification on the inside (—») and osteoclastic 
resorption due to penetrating pannus (Pa) (staining: HE; magn: 130x). 
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approx 30% of all segments. The distribution of the trabeculae still intact 
was: 
18 32 28 
6 39 0 
Thick lamellae with this arrangement were preserved in only a few segments: 
7 11 7 
0 0 0 
The weight-bearing structure of the cancellous bone had been replaced by 
unstructured trabeculae. Most of these were thin; only small proportions of 
the segments still contained firm, thick trabeculae: 
10 25 21 
10 0 5 
This arrangement is indicative of osteopenia. The latter appears to be more 
pronounced in the deep segments, particularly in the central deep segment. 
The thick remnants of the lamina compacta and the thick trabeculae of the 
cancellous bone may be regarded as preserved original bone tissue or as an 
attempt to reinforce the bone under the influence of load forces (fig. 8.18). A 
better insight into the two opposed processes can be gained by analysing the 
osteolysis and the bone formation or sometimes, bone reconstruction. 
Resorption of cancellous bone was seen in approx 50% of all superficial 
segments, as a rule with slight to moderate intensity (fig. 8.19). The deep 
Fig. 8.18: Detail of thickened bone trabecula in superficial lateral segment with ossification 
(—»); fibrosis in the bone marrow (staining: HE; magn: 130x). 
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Fig. 8.19: Detail of lateral superficial segment of partially necrotic thickened trabecula (N) with 
intensive osteolysis by polynuclear osteoclasts (-•) at the site of bone marrow fibrosis (staining: 
HE; magn: 130x). 
segments were involved less, especially the central deep segment (4). The 
percentages of segments with destruction of cancellous bone were: 
50 50 42 
33 6 32 
More intensive reconstruction of the cancellous bone was encountered in 
only a few segments: 
14 11 10 
6 0 5 
We find that, just as the osteolysis, reconstruction also was least intensive in 
the central deep segment. 
Fibrillar bone 
Besides lamellar bone, fibrillar bone was observed. This is a pathological 
phenomenon and may be interpreted as a local attempt to restore the 
strength of the femoral head, or to compensate for destroyed bone. We saw 
fibrillar bone in approx 30% of the segments with the following distribution: 
39 50 38 
26 6 16 
Fibrillar bone formation occurred mostly at the sites of normally arranged 
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trabeculae of the lamellar bone. Their formation was more pronounced in 
the central superficial segment and least pronounced in the deep central 
segment. 
The fibrillar bone on the surface was not only formed at the site of 
abnormally arranged trabeculae but also destroyed by the pannus. The 
percentage distribution of destruction of fibrillar bone was: 
11 15 10 
17 X 0 
Reconstruction of fibrillar bone was also observed there, with the following 
distribution: 
19 19 16 
11 X 0 
As the two diagrams above show, the active processes of destruction and 
formation of fibrillar bone occurred in all superficial segments and in the 
deep medial segment, but not in the deep lateral segment. 
The reconstructive components of neither the lamellar bone nor the fibrillar 
bone sufficed for a dynamic equilibrium. The osteolysis was so predominant 
that osteoporosis developed and cysts formed in the head. We observed cysts 
in 24% of all segments. One-half of the cysts were solitary, the other half 
occurred in groups of up to nine. Most cysts were observed in the superficial 
segments and in the lateral deep segment (6). The medial deep segment also 
contained a few cysts, but the central deep segment was spared. The bone 
tissue surrounding the cyst in one-half of the cases was porotic, while in the 
other half it showed focal or, exceptionally, circular sclerosis (figs 8.6,8.9 and 
8.11). 
Cysts frequently form spontaneously in severe arthrosis deformans in the 
markedly porotic bone (Enneking, 1979). In our cases, the operation itself 
also had often played a part. This was proved by the fact that cement (by 
itself or together with connective tissue) was found in 44% of all cysts. 
Twenty-nine per cent of the cysts contained connective tissue alone; the 
others (37%) were optically empty and probably had contained cement that 
had been lost during the histological preparation. 
8.4.3. Alterations in the bone marrow 
The bone marrow was predominantly lipomatous (fig. 8.14). Sometimes, 
focal necrosis could be observed with formation of oil cysts (fig. 8.20). 
However, the amounts of lipomatous tissue varied. Predominantly lipoma-
tous bone marrow was encountered in the following percentage distribution: 
52 55 50 
83 82 68 
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Fig. 8.20: Lipomatous bone marrow with oil cysts and lipophages after bone marrow necrosis 
(staining: HE; magn: 350x). 
% 
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Fig. 8.21: Macrophages and giant cells with cement granules and small chips (-») of polyethy­
lene in the bone marrow of lateral superficial segment (staining: HE; magn: 350x). 
More or less pronounced formation of fibrous tissue was also observed in 
many areas. Bone marrow fibrosis was absent in only one-third of the 
segments. Mostly, the fibrosis was seen in the form of narrow rimmings along 
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the trabeculae of the cancellous bone. In 17% of the segments, however, we 
observed severe fibrosis with replacement of the lipomatous bone marrow. 
The percentage distribution of severe fibrosis over the segments was: 
20 24 20 
11 11 16 
This shows that the deep medial and central segments were affected slightly 
less. 
The haemopoiesis in the marrow had mostly been reduced to small foci. 
There was no correlation with the length of time of presence of the prosthe-
sis, but more intensive haemopoiesis was observed in the younger patients. 
Macrophages were encountered in the bone marrow. Besides lipids (indica-
ted by spongy cytoplasm), lipofuscin and iron pigment, these macrophages 
also contained foreign body particles: cement granules and chips of polyethy-
lene (fig. 8.21). The percentage distributions of occurrence of macrophages 
with foreign body particles over the segments were: 
lipids cement polyethylene 
13 6 10 38 44 44 17 17 20 
12 3 11 44 12 42 23 6 11 
Sporadically, histiocytes containing much cement were encountered (fig. 
8.22): 
7 7 7 
0 0 5 
The other substances were found included in small amounts. 
Fig. 8.22: Cement particles partly intra- and partly extracellular in the bone marrow of the deep 
lateral segment (staining: HE; magn: 130x). 
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Besides histiocytes, giant cells were also found in the bone marrow. These 
contained cement granules; some also contained iron particles or polyethy-
lene. The polyethylene particles were more numerous in the three cases with 
Stenum prostheses. 
Trivalent iron revealed by Perls' test was encountered in approx 50% of the 
cases. The iron was present both in the diffuse form and as haemosiderin 
granules in and among the histiocytes. In one-third of the cases, bivalent iron 
could be demonstrated using Turnbulll's reaction. This temporary form of 
iron pigmentation only occurred diffusely in the cytoplasm. The amount of 
iron did not increase with the length of time until revision. Apparently, the 
presence of iron should be regarded as an effect of the operation. 
The presence of histiocytes and giant cells indicates primarily migration of 
foreign body material, with less involvement of the deep central segment 
than of the marginal segments. 
8.4.4. Alterations at the interface 
The most striking alterations associated with deformation of the femoral 
head occur at the bone-cement interface; therefore, these should be given 
particular attention. An indirect but important sign of such changes is the 
presence of articular capsule and similar tissue in the superficial marginal 
segments of the histological material. Normally, the capsule is encountered 
only in the deep marginal segments. In cases in which the remnant of the 
femoral head could be divided into only three segments, remnants of the 
capsule seemed to be present in the superficial marginal segments, owing to 
pronounced destruction of bone tissue. The percentage distribution was: 
7 X 10 
33 X 37 
The capsule displayed fibrosis in all cases; in 50% it showed a slight chronic 
inflammatory reaction characterized by sparse infiltration by lymphocytes 
with admixture of plasma cells. 
In the superficial areas, special attention was given to the conditions of 
implanting the prosthesis and their consequences - especially, the fraising 
away of the cartilage and complications due to the contact between bone and 
methacrylate. 
Cartilage 
During the operation, the cartilage should have been fraised off from the 
femoral head. However, remnants of cartilage were still encountered in 20 to 
40% of the segments examined: 
31 28 40 
23 X 21 
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This cartilage consisted of small fragments which usually showed dystrophy 
characterized by depletion and loss of acid mucopolysaccharides, increase of 
neutral mucopolysaccharides and emergence of the collagenous fibrils that in 
normal cartilage are hidden by the ground substance (fig. 8.23). In 5-10% of 
the segments, the remnants of cartilage were necrotic; occasionally, frag-
ments of viable cartilage without signs of degeneration were also seen. In 5% 
of the segments examined, a sort of fibrous cartilage was observed as well. 
This may have been the product of a fibrillar dystrophy of the original hyaline 
cartilage. This assumption is supported by the presence of similar cartilagi-
nous particles under the surface in the cancellous bone which we observed in 
one case. 
Cement 
Remnants of cement were seen at the surface in 31% of the segments. 
Enclosed large cement balls were seen in 6% of the segments. Furthermore, 
cement balls were found deeper, among the trabeculae of the cancellous 
bone. The percentage distribution of this finding was: 
20 20 20 
6 X 21 
Fig. 8.23: Detail of the central superficial segment; on the surface, remnants of hyaline cartilage 
(C) covered with a thin layer of pannus; degeneration of the cartilage, characterized by 
birefraction of collagenous matrix due to loss of mucopolysaccharides; lamellar structure of the 
underlying bone is revealed by intensive birefraction (staining: HE; magn: 130x). 
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The presence of the cement in the superficial segments can be explained by 
the penetration during implantation of the femoral cup. 
Pannus 
Development of pannus between the surface of the bone and the methacry-
late layer was seen in approx 75% of the segments in contact with the cup. 
The percentage distribution of this was: 
69 62 83 
72 X 89 
Occasionally, the pannus tissue did not cover the entire surface of the 
segment (figs 8.2 and 8.12). The percentage distribution of segments entirely 
covered by pannus was: 
47 38 43 
50 X 31 
In one-third of all cases examined, the entire remnant of the head was 
covered with pannus. Although the thickness was least in the central superfi-
cial segment, the layer was nevertheless completely developed here in 38% of 
the segments. 
The thickness of the pannus layer ranged from 1 to 10 mm. The percentage 
distribution of pannus thickness between 4 and 10 mm over the segments 
was: 
26 16 20 
32 X 23 
In the other cases, the pannus was only 1-3 mm thick. As can be seen, thick 
pannus developed mostly in the deep medial segment. The pannus tissue was 
predominantly viable. However, in cases with a very thick layer the poor 
vascularization brought about a focal fibrinoid necrosis. A young pannus, 
consisting of granulation tissue, was seen only exceptionally in our cases (fig. 
8.24). A combination of young pannus tissue and tissue in the process of 
fibrosing or already fibrous was encountered in approx 90% of all segments 
with pannus. 
However, in a few cases the pannus was entirely fibrotic without fibroblasts 
and accordingly, without signs of growth activity. 
Since the pannus tissue consisted largely of older connective tissue in the 
process of fibrosing and of fibrous connective tissue, there were far more 
fibrocytes than fibroblasts (fig. 8.25). The fibrocytes were arranged parallel 
to the surface which gave the tissue a tendon-like structure. At the cup rims, 
the pannus tissue sometimes had a synovial structure. Fig. 8.26 shows how 
with time young granulation tissue can be transformed into fibrous connec-
tive tissue. Apart from the early stage, the intensity of the development of 
connective tissue and its transformation by maturation with time is not 
predictable. 
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Fig. 8.24: Detail of pannus consisting of granulation tissue; on the surface, necrosis (N) 
(staining: HE; magn: 350x). 
Fig. 8.25: Detail of pannus in the process of increasing fibrosis with many macrophages and a 
few giant cells (—») (staining: Tumbull; magn: 350x). 
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Fig. 8.26: Scheme of transformation of young granulation tissue into fibrous connective tissue 
In the pannus we found several phagocytosing cells, greatly varying in 
number. Histiocytes were nearly always present (86% of the segments), often 
in very large numbers. 
The segments did not differ substantially in the numbers of histiocytes they 
contained. The percentage distribution of histiocytes was: 
86 83 92 
79 X 88 
Numerous histiocytes were observed, with the following percentage distribu-
tion: 
57 44 59 
50 X 69 
In the other cases, the numbers of histiocytes in the pannus were small to 
moderate. Apart from histiocytes, giant cells were seen (fig. 8.25). 
Just as in the bone marrow, the histiocytes and giant cells showed an 
intensive phagocytosing activity in the pannus, also, and contained cement 
granules and/or polyethylene chips; a few histiocytes also contained iron 
pigment and lipids. The percentages of the segments with cells phagocytosing 
foreign material in the pannus were: 
histiocytes with cement 71 56 69 
71 X 88 
histiocytes with polyethylene 67 45 62 
57 X 62 
giant cells with cement 49 44 67 
42 X 69 
giant cells with polyethylene 61 28 58 
57 X 75 
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Fig. 8.27: Two details of pannus tissue. Many macrophages with cement particles and many 
giant cells with polyethylene splinters (staining: HE; magn: 350x). 
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Fig. 8.28: Two details of pannus tissue with numerous polyethylene splinters in macrophages 
and giant cells (staining: HE; mang: 350x). 
Cement particles were found more often in histiocytes than in giant cells (fig. 
8.27). Histiocytes and giant cells did not differ in distribution of polyethylene 
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contents, but the particles in the giant cells were larger than those in the 
histiocytes. The foreign body material was found not only ingested by 
phagocytosing cells, but intercellularly as well (fig. 8.28). 
Over one-half of the segments had a solid pannus. The pannus of 40% of the 
segments showed cavities, ranging in number from 1 to 9. The percentage 
distribution of segments with cavities in the pannus was: 
41 15 60 
28 X 58 
Distribution of 1-3 cavities: 
28 6 40 
28 X 37 
The distribution of more than three cavities: 
13 9 20 
0 X 21 
Most of the cavities in the pannus layer were filled with cement particles. The 
number of cavities appears to be larger in the lateral segments than in the 
others. Cement particles in the phagocytosing cells were also observed more 
frequently here. Probably, all the cavities had originally been filled with 
cement which, however, had mostly been flushed out of them during the 
histological preparation. 
The pannus layer in all cases led to an intensive destruction of the underlying 
bone by activation of the osteoclasts, but offshoots of pannus tissue into the 
bone marrow between the trabeculae stimulated this process by the direct 
osteolytic activity of fibroblasts (fig. 8.29). In the superficial segments most 
exposed to pressure (3, 5), these offshoots were observed more often. The 
percentage distribution of these offshoots was: 
38 56 52 
29 X 37 
In the development of offshoots, the thickness of the pannus probably played 
a smaller part than the weight-bearing. As mentioned, the pannus was 
thickest in the medial segments and in the deep lateral segment, and thinnest 
in the central superficial segment, precisely where offshoots occurred more 
often than in the other segments. 
Are there histological differences between early and late loosening of the 
prosthesis? 
The lengths of time until revision or until a femoral cup became loose varied 
greatly. Study of the above-mentioned histological parameters provided no 
clues as the cause of the difference in the length of time in which a femoral 
cup became loose. There were no histological differences between the seven 
fixed femoral cups and the loose cups. The only significant correlation found 
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Fig. 8.29: Detail of central superficial segment with fibrotic pannus over partly necrotic sclerotic 
bone (N); where the pannus penetrates the bone it is cell-rich (staining: HE; magn: 130x). 
was between the numbers of histiocytes in the group of cases with pannus 
tissue and the length of time between implantation and revision (Spearman 
rank correlation coefficient ρ < 0.05).The number of histiocytes increases 
with time. This is the consequence of an increase with time of cement 
particles and polyethylene chips, in other words it is due to a mechanism that 
does not primarily explain implant failure of this prosthesis. 
Evaluation of tetracycline sections 
During the evaluation of the sections labelled with tetracycline, fluorescence 
was observed in the areas with active bone reconstruction. This corroborated 
the observations of the histological sections described above. 
Evaluation of non-decalcified sections 
As mentioned in the description of the histological preparation, small bone 
fragments of a number of femoral heads were stained without decalcification. 
The saw cut was perpendicular and transverse to the previously evaluated 
frontal plane. The small size of the sections precluded an adequate survey. In 
spite of partial bone marrow necrosis or fibrosis, formation of osteoid 
continued. The osteoid, stained red, could be clearly distinguished from the 
mineralized bone, stained green. 
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Nevertheless, it was found that the pannus layer in the marginal sections from 
the ventral or dorsal segments was mostly thinner than the pannus layer on 
the medial side from the sagittal sections. The supplementary sections did no 
more than confirm the earlier observations. 
8.5. Conclusions from histological findings 
1. The loosening of the femoral head prosthesis was accompanied in all 
cases by more or less pronounced deformation of the remaining femoral 
head. Lamina compacta of the head was missing in over 70% of the head 
segments. The superficial central and lateral segments together with the 
underlying cancellous bone were involved most often and most severely. 
The normal pattern of the cancellous bone, arranged in accordance with 
the load transmission in the normal hip, had disappeared in 70% of the 
segments, the marginal segments being the most affected. 
2. Neither at the surface nor centrally in the femoral head was the bone 
reconstruction sufficient to restore a dynamic equilibrium of bone struc-
ture. Osteolysis was predominant in all segments. 
3. Formation of fibrillar bone as a clearly pathological phenomenon occur-
red in approx 30% of all segments, both in the lamina compacta and in 
the cancellous bone. 
4. Bone cysts were encountered in 24% of the segments and one-half of 
these contained several cysts, up to nine in one head. A majority of the 
cysts contained cement and therefore were due to the operation. The 
others were optically empty; some may have been due to the underlying 
disease or have developed postoperatively due to increasing osteopo-
rosis. 
5. The bone marrow underwent fibrosis in 17% of the segments and 
contained varying numbers of macrophages and giant cells with lipids, 
cement and slivers of polyethylene. 
6. In 30% of the cases, the osteolysis of the femoral head was so severe that 
the remnant could be divided into only three segments. 
7. The main phenomenon in connection with the loosening of the prosthesis 
was formation of pannus between the cement layer of the prosthesis and 
the femoral head. 
8. Pannus was seen in almost 90% of the lateral segments. In approx 30% 
of the cases the pannus covered the entire remnant of the head; someti-
mes it was as thick as 10 mm. 
9. Macroscopically and microscopically, the pannus appeared to start to 
grow at the insertion of the articular capsule at the edges, and to grow 
aggressively not only between cement and bone, but also dissectingly in 
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the bone lamellae, increasing in thickness and spreading over the bone 
surface. 
10. The connective tissue cells and the collagenous fibrils in the pannus 
showed an arrangement parallel to the surface of the remnant of the 
femoral head. We regard this as the consequence of weight-bearing and 
possibly of micromotions. 
11. No correlation could be established between the intensity of pannus 
growth and bone destruction on the one hand and the length of time for 
which the prosthesis had been in situ on the other. 
12. In the pannus, there was accumulation of macrophages and giant cells, 
most of which contain cement granules and polyethylene splinters. The 
concentration of these cells was correlated with the length of time for 
which the prosthesis has been in situ. 
13. In (sub)total necrosis of the femoral head no pannus formation was seen 
in our cases, but loosening occurred nevertheless, due to the marked 
deformation of the remnant of the femoral head. 
8.6. Discussion 
The implant failure of the resurfacing double cup prosthesis has by now 
necessitated reoperation in over one-third of the patients. By examining the 
remnants of the femoral heads, the tissue reactions could be studied. After an 
unfavourable course, several pathological phenomena could be observed in 
the remnant of the head, but one of these received particular attention: the 
development of the pannus layer between the bone and the prosthesis-
cement interface. 
This problem has been studied before in remnants of femoral heads obtained 
at revision of failed uncemented Smith-Petersen cups (Enneking and 
Singsen, 1974; Gibson and Williams, 1951; Urist, 1958; Aufranc, 1957; 
Milgram and Rana, 1981; Coutts et al, 1984). In these cases, regressive 
processes were seen, but no progressive processes had occurred, nor had a 
thick pannus layer developed. Similar observations were made in the femoral 
head beneath the Gerard prosthesis (Legrand, 1985). 
The formation of a pannus layer was not regarded as unfavourable by 
Krajbich et al (1981). In a case report they described the histological 
examination of one head remnant obtained at a revision because of infection 
of a Wagner prosthesis 12 months after implantation of the double cup 
prosthesis. The histological inspection revealed interconnection of the femo-
ral cup, cement and bone without increased bone resorption. The femoral 
head was viable and showed signs of osteoblastic activity; the connective 
tissue membrane between bone and cement was interpreted by Krajbich as a 
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stage of the recovery process leading to good anchoring of the prosthesis and 
not as the beginning of loosening. Cserhati et al (1979) and Schreiber et al 
(1979) were at first also optimistic about the fixation of the cup. They found 
viable bone under the femoral component and a thick layer of connective 
tissue with collagenous fibres parallel to the surface. They expected that after 
one year this layer would form a thin new layer of cortical bone at the 
surface. This suggestion appeared to be corroborated by certain observati-
ons, e.g. by Delling et al (1984), who described a series of 20 histologically 
examined femoral heads after double cup prostheses. In their group of loose 
femoral cups they always saw extensive necrosis with histiocytic granulomas, 
while in the group with fixed femoral cups there was osteoporosis of the bone 
with, between the bone and the cement, a connective tissue membrane of 
varying thickness, which was greatest in the peripheral regions. 
Osteonecrosis as the cause of implant failure was also emphasized in other 
studies. Bogoch et al (1982) described the histology of four femoral heads 
after implantation of an Indiana double cup prosthesis. Three of the four 
displayed osteonecrosis of the entire femoral head. The tissue did not react to 
the methacrylate with a foreign-body reaction; this suggested that the osteo-
necrosis had originated at the implantation of the resurfacing prosthesis. The 
loosening of the femoral cup had apparently been caused by collapse of the 
bone architecture and deformation of the head. The iatrogenic avascular 
necrosis of the head had led not only to loosening of the prosthesis but also to 
a femoral neck fracture in the area of transition between viable and necrotic 
bone (Goldie et al, 1979). Jolley et al (1982) reported two femoral neck 
fractures with osteoporosis in a series of seven cases of failure of a double cup 
prosthesis. 
Schreiber, on the other hand, in his later publications (Schreiber et al, 1983; 
Schreiber and Jacob, 1984) reported a rising number of loosenings. He 
described bone resorption under the cup related to development of a thick 
layer of connective tissue. In his opinion, this was due to a mechanical cause. 
Holz et al (1980) also regarded mechanical factors as the cause of loosening 
of the femoral component of the Wagner prosthesis. Loosening occurred 
mostly when the femoral heads before operation had shown cysts, partial 
necrosis or osteoporosis. According to Holz, an increasing load in these cases 
would lead to mechanical failure more rapidly than in cases in which the 
femoral head was not weakened. He saw no avascular necrosis of the head 
due to the surgical trauma in his series. 
Bell et al (1985) described as the cause of failure of, especially, the acetabular 
component of the Wagner prosthesis, the development of a connective tissue 
membrane as a reaction to released wear particles. However, they regarded 
the growth of pannus tissue from the periphery of the femoral cup as the 
consequence of irritation caused by polyethylene particles in the synovial 
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fluid, and not as due to mechanical causes. Harris et al (1976) described 
osteolysis and the development of a pannus layer with macrophages, giant 
cells and weakly biréfringent material consisting of methacrylate locally in 
the proximal femur; they regarded this as due to local instability. According 
to Linder et al (1983), absence of mechanical stimulation leads to the 
clinically benign interface that does not increase in size. 
Other authors, however, stressed chemical irritation as the cause of pannus 
formation. Many described the development of the pannus layer as a reaction 
to the introduction of methacrylate (Charnley and Crawford, 1968; Slooff, 
1971; Willert and Pees, 1972; Willert et al, 1974; Lindwer and van den Hooff, 
1975; Fornasier and Cameron, 1976; Draenert and Rudigier, 1978; Lintner et 
al, 1982). Presence of macrophages was always reported. The question is, 
however, what factors stimulate the macrophagic activity. Freeman (1982) 
asserted that products of necrotic cells, bacteria and foreign-body material 
activate the macrophages. Linder and Hansson (1983) studied the connective 
tissue layer histochemically in an attempt to explain the osteolytic activity of 
this layer. They demonstrated that pannus cells contained acid phosphatase. 
Goldring et al (1983) described the bone-cement interface as a synovialoid 
membrane and performed in-vitro experiments with fragments of membrane 
of loose total hip prostheses. The tissue cultures produced collagenases and 
prostaglandin E2. These prostaglandins can stimulate osteoclastic activity 
(Chambers, 1980). 
Linder et al (1983) stated that the primary cause of this pannus growth is 
irritation by mechanical instability rather than the presence of wear particles. 
Once a tissue reaction has occurred, however, these particles can maintain it 
(Willert and Semlitsch, 1976; Willert et al, 1979; Mirra et al, 1982; Bell et al, 
1985), thereby initiating a vicious circle and accelerating the loosening 
process. 
As we have seen, the macrophagic activity was described in all studies of 
aseptic loosening of cemented prostheses. The presence of a small number of 
macrophages in connective tissue is normal; however, the number of macrop-
hages in the pannus layer round a loose prosthesis is far larger. The cells can 
digest foreign-body material released near implanted prostheses and also 
biological material such as necrotic debris. Studies by Chambers (1980), 
Owen (1978) and Parfitt (1977) demonstrate that macrophages, giant cells 
and osteoclasts belong to the same cell type. Investigations focusing on this 
cell will, according to Chambers, provide valuable information on the causes 
and the evolution of loosening of an implanted prosthesis as well as on the 
long-term prognosis. 
It is apparent from personal experience and from data in the literature that 
the mechanism of loosening occurs in two terminal forms: 
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1. Loosening in subtotal or total necrosis of the femoral head without pannus 
formation. The loosening results from collapse of the weakened head. 
Why no pannus is formed in these cases is not clear; a possible factor is the 
absence of circulating blood in necrotic bone tissue, impairing the supply, 
via the viable bone marrow, of nutrition for the growth of a connective-
tissue membrane. We ourselves have also established that in four femoral 
heads with total or subtotal necrosis, no pannus tissue developed at the 
cement-bone interface. Loosening with severe necrosis of the femoral 
head occurred only four times in our series (see table 8.1). 
2. Loosening accompanied by pannus formation. This has frequently been 
described in the literature, and pannus formation was observed in all our 
cases except the four mentioned above. The femoral heads were either 
entirely viable or contained only few foci of necrosis. Our material also 
included seven cases with pannus but without loosening, but in all these 
instances the pannus layer was thin. (These were cases in which revision 
was carried out because of loosening of the acetabular component of the 
prosthesis.) 
The question of the pathogenesis of loosening, however, cannot be disposed 
of simply by establishing that pannus is an important or cardinal factor. 
Several interacting processes are involved. We believe that disruption of the 
contact with the cement layer, leading to micromotions, causes stimulation 
and is the main pathogenic factor in the increase of the pannus. Foreign-body 
reactions in their turn may promote and accelerate this process. Below we 
have attempted a schematic summary of these processes. 
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CHAPTER 9 
Animal experiment 
9.1. Introductton 
A group of 10 test animals were used to study the behaviour of the 
resurfacing prosthesis. The aim was to obtain confirmation of the failure of 
the prosthesis already observed in humans, and to make a further investiga-
tion into possible causes. 
By means of radiological and histological studies, supplementary data were 
sought concerning the viability of the bone and the pathogenesis of the 
reactions of the tissues. 
9.2. Material and method 
9.2.1. Test animals 
In view of the favourable experiences gained at the central animal laboratory 
of the medical faculty of Nijmegen University during earlier studies with the 
African dwarf goat, these animals were used for the present study also. The 
animals were cheap and easily come by. Care and housing were also simple. 
The ample supply enabled good selection, so that fully grown animals could 
be chosen having identical build and weight. Relatively large animals, over 2 
years old and weighing approx 25 kg were selected. The acetabular diameter 
of these animals was at least 21 mm. A preoperative X-ray was made, and the 
closure of epiphyseal plate was checked. If the acetabulum had a diameter of 
less than 21 mm, the animal was rejected. 
9.2.2. The hip prosthesis 
The firm of Zimmer (Warsaw, Indiana, USA) made a double cup prosthesis 
(fig. 9.1), of which the steel femoral component had an external diameter of 
20.5 mm (internal diameter 17.5 mm) while the acetabulum consisted of 
polyethylene with a wall thickness of 2 mm. The external diameter of the 
acetabulum was thus 24.5 mm. Both components of the prosthesis were fixed 
with PMMA cement (Sulfix®). 
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Fig. 9.1: The double cup prosthesis used in animal experiment; external diameter femoral 
component 20.5 mm. 
9.2.5. Surgical technique 
The preoperative preparation, the anaesthesia and surgical technique used 
were identical for the ten test animals. 
After fasting for 12 hours, the animals were given a premedication of 0.5 mg 
atropine i.v. The anaesthesia was induced with an i.v. injection of 30 mg 
pentobarbital sodium (Nembutal®) per kg body weight. After intubation, the 
anaesthesia was maintained with a mixture of halothane and nitrous oxide/ 
oxygen by artifical ventilation (Engström ventilator). 
The animals were laid on their left side and the right hip was operated upon. 
The surgical field was shaved and disinfected with a 2% iodine solution. 
Distally from the knee the limb was packed in sterile cloth and the surgical 
field was covered with sterile gauze. 
The hip was reached by a dorsolateral approach. The skin incision ran from 
halfway up the femur to the greater trochanter and from there with a forward 
curve to the tuber coxae. The fascia lata was incised at the borderline 
between the m. vastus lateralis and m. gluteobiceps; the incision was exten-
ded in the cranial direction along the m. gluteus superficialis. The m. gluteus 
profundus and the m. iliacus were dissected from the trochanter and bridled. 
Here, the capsule of the hip joint was reached, incided in the shape of a Τ and 
bridled. The ligamentum teres was severed after which the femoral head 
could be dislocated. The preparation of the acetabulum involved removal of 
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the cartilage with a suitable fraise down precisely to the subchondral bone. 
The cartilage of the femoral head was fraised away, so that the femoral 
component could be implanted in a slight valgus position. After the first 
three animals, several small holes were drilled in the femoral head for extra 
fixation of the cement. After a test fitting and mobility check, the compo­
nents of the prosthesis were cemented in in two phases. Subsequently, the 
capsule was closed, the rotators reinserted and the fascia and the skin sutured 
in layers (knotted Vicryl®). The wound was sprayed with a Nobecutane® 
spray. The operation lasted 2 hours on the average. 
All animals received an injection of Oxytetracycline (Terramycin®, 50 mg/kg 
body weight) on the first postoperative day. 
With the animals still anaesthetized, X-rays were made in the AP and axial 
projections. 
9.2.4. Postoperative care 
Postoperatively the animals were isolated in a room measuring approx 3 
sq.m. Immediate weight-bearing on the operated hip was made possible; as a 
rule this occurred within a day or two. After 3-5 days, the animals were 
returned to the group, where they were regularly observed. During the 
postoperative period, X-rays were made in anaesthesia at regular intervals. 
9.2.5. Sacrificing 
One animal had to be sacrificed as early as one month after the operation 
because of a wound infection with arthritis of the operated hip. The other 
nine goats were sacrificed at intervals between 1 and 7.5 months postoperati­
vely by i.v. injection of an overdose of pentobarbital sodium (Nembutal®), 
approx 20 ml. All animals were given a second injection of Oxytetracycline on 
the day before their sacrifice. The operated hip was then removed in toto, 
leaving the capsule whole. For purposes of control, the non-operated hip was 
also removed and processed in the same way. 
9.2.6. Preparation for histological examination 
In macroscopical specimens the fixation of the prosthetic components was 
assessed. Just as with human bone, these stages were photographed and 
fraxitron images made. 
Following this the bone was fixed, partly decalcified and cut into sections 7-8 
μτη thick. These sections were stained with haematoxylin-eosin and alcain 
blue (pH 2.8). The non-decalcified fragments were stained with haematoxy­
lin-eosin and Goldner's trichrome (see 8.2). 
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9.3. Results 
9.3.1. Findings on operation 
There were small individual differences in femoral head size and acetabular 
diameter (21-24 mm). To have the acetabular cup sit more level with the 
acetabulum itself, its outer edge was fraised off. 
The mobility of the operated hip seen on operation was always good. The 
capsule could be sutured back over the hip prosthesis. In no case was a drain 
left in the wound. 
9.3.2. Postoperative course 
The goats as a rule returned to full weight-bearing on the hip within one 
week. Some, however, started to favour the limb after 6 to 8 weeks. 
Subsequently, the weight-bearing capacity sometimes improved so much that 
the animals could climb and jump again. Dislocation of the operated hip was 
never seen. 
As mentioned, in one case a wound infection occurred one month postopera-
tively. The animal's temperature rose to 39.5° C. Puncture of the hip joint 
yielded pus; culturing led to growth of gram-positive coccoid rods (not 
determined). A 4-day course of an antibiotic (Albipen®) caused no improve-
ment, so that it was decided to sacrifice the animal after administration of 
Oxytetracycline. 
9.3.3. Radiological findings 
All X-rays were made with the animal anaesthetized to enable good positio-
ning. The animal was immobilized lying on its back, the hip being held in 
slight abduction-extension. For the lateral X-ray, the squatting position was 
used. 
The X-rays were classified according to the position of the implanted 
prosthesis. Attention was paid to development of a radiolucent zone round 
the acetabulum and any changes of position of the acetabular component. On 
the femoral side, the position of the femoral component and resorption of the 
neck received particular attention. In judging the X-rays, the image of the 
pelvis was taken into account, because a change of position might bring about 
an apparent change of position of the femoral component. Decisive elements 
were the width of the obturator foramen and the position of the greater 
trochanter. 
In the successive X-rays, development of a radiolucent zone round the 
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Fig. 9.2: Goat 30 (group I); hip, immediately after operation and 1 month after implantation of 
the double cup prosthesis; rapid, marked resorption of femoral neck and complete radiolucent 
line round the acetabular component. 
acetabulum was already visible after one month in 90% (fig. 9.2). In those 
cases in which the radiolucent line was not complete, it was still visible in the 
superior part. Only one case was there still no radiolucency after four 
months. 
In all cases, some degree of resorption of the femoral neck occurred; it was 
visible after as little as one month and increased in time. In the case with the 
infected hip and the two cases with complete resorption of the neck (4 
months - intermediate group II), the femoral component of the prosthesis 
was completely tilted. Twice, X-rays showed a less degree of varization of the 
cup. Protrusio acetabuli and sclerosis of the acetabular base were not 
observed radiologically; the non-operated side was used for comparison. The 
radiological and macroscopical findings in the ten test animals are listed in 
table 9.1. 
The principal radiological finding was resorption of the femoral neck, already 
visible from the 4th week. This process is rapidly progressive. The same 
phenomenon was observed during the radiological follow-up of the human 
patients (femoral neck index). In the animal experiment, however, the 
process ran its course many times faster. 
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TABLE 9 1 
Goat 
25 
30 
31 
33 
26 
27 
29 
35 
37 
28 
Follow-up 
1 month 
1 month 
1 month 
2Vi months 
4 months 
4 months 
4 months 
5 months 
5lA months 
TA months 
X-ray 
A C 
radiolucency 
+ + + 
radiolucency + 
radiolucency + 
radiolucency sup 
and inf 
radiolucency sup 
and inf. 
radiolucency + + 
no radiolucency 
radiolucency sup 
radiolucency + 
radiolucency + + 
F C 
tilting, neck 
resorption 
neck resorption 
neck resorption 
neck resorption 
complete head/ 
neck resorption 
complete head/ 
neck resorption 
neck resorption 
tilting 
neck resorption 
tilting 
neck moderate 
resorption 
neck resorption 
Macroscopic 
A C 
loose 
fixed 
fixed 
fixed 
loose 
loose 
fixed 
fixed 
fixed 
fixed 
F C 
loose 
mobile 
fixed 
mobile 
loose 
loose 
loose 
loose 
fixed 
mobile 
Remark 
infection 
para-articular 
ossifications 
9.3.4. Macroscopical findings 
At the preparation of the hip joints resected in toto pronounced thickening of 
the capsule was always encountered. Most joints were slightly hydropic. 
Except in the infected case, cultures of this articular fluid were never 
positive. The macroscopical findings matched the radiological images. In 
seven of the nine hip prostheses, good fixation of the acetabulum was found. 
Even in the prosthesis left in situ for 7.5 months, good fixation was found in 
spite of a fairly broad line of radiolucency round the acetabulum. Fixation of 
the femoral component was less good and of shorter duration. Four times, 
the femoral component was lying completely loose (follow-up 4-5 months). 
Three times, it could be moved slightly (follow-up 1, 1.5 and 7.5 months); in 
only two cases (follow-up 1 and 5.5 months) was the fixation complete so that 
the cup could only be removed after grinding it in two (figs 9.3 a/b and 9.4 a/ 
b). Of the infected animal, both the femoral and the acetabular component 
were lying loose. 
9.3.5. Histological study of the femoral heads 
Three groups are distinguished here, with different follow-up periods. Group 
I: follow-up period 1-2.5 months (fig. 9.5); group II: follow-up period 4 
months; group III: follow-up period 5 to 7.5 months (fig. 9.6). The histologi-
cal findings are described in table 9.2. 
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Fig. 9.3а: Goat 37 (group III); gross pattern of hip with prosthesis, ЬУг months after implanta­
tion prosthesis and contralateral, non-operated hip. 
Fig. 9.3b: Fraxitron image of the same hips. 
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Fig. 9.4a: Goat 37 (group III); gross pattern of femoral head, transected in the frontal plane 5V2 
months after implantation of prosthesis (magn: 3.8x). 
Fig. 9.4b: Fraxitron image of the same hip; severe deformation of the femoral head and 
resorption of the neck. Pannus formation, especially laterally (magn: 1.3x). 
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Fig. 9.5: Goat 30 (group I); section of remnant of femoral head; lamina compacta partially 
preserved; laterally and medially, pannus formation (—»); in medial superficial segment both 
sclerosis (S) and slight osteoporosis (staining: HE; magn: 4x). 
Fig. 9.6: Goat 37 (group III); section of remnant of femoral head; deformation of the head; 
lamina compacta almost completely absent; pannus tissue covers almost the entire surface and is 
thickest on the lateral side (Pa); cancellous bone shows moderate osteoporosis (staining: HE; 
magn: 4x). 
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Table 9.2 
Group I 
Duration follow-up 
Goat number 
Remnant femoral head 
- size 
- shape 
Surface bone 
1, 1 and 2.5 months 
30,31,33 
normal size 
not deformed 
lamina compacta partially preserved. 
Partially covered with pannus growing from the 
edges; pannus up to 2 mm thick after 2.5 months 
follow-up. 
Osteolysis of underlying bone by mononuclear and 
poly nuclear osteoclasts (fig. 9.7). 
Remnants of cartilage partially viable, partially 
necrotic, and necrotic bone fragments at the site of 
the bone surface of the lamina compacta. 
Slight bone reconstruction on the inside of the 
lamina compacta. 
No osteolysis of lamina compacta at sites without 
pannus. 
Cancellous bone viable 
slight osteoporosis 
slight bone reconstruction 
Marrow lipomatous under the surface 
haemopoietic in deep parts 
Group II 
Duration follow-up 4 months 
Goat number 26, 27, 29 
Remnant femoral head 
- size 
shape 
unrecognizable 
Surface bone lamina compacta and large underlying part of can-
cellous bone completely destructed. The whole une-
158 
ven surface covered with thick pannus, consisting of 
three layers: 
Under the cement: granulation tissue with telean-
giectatic capillaries of angiomatous appearance (fig. 
9.8). Many macrophages and giant cells containing 
cement granules (fig. 9.9) and a little polyethylene 
partikels, some also containing lipids and other 
material, possibly necrotic tissue fragments. 
Intermediate: granulation tissue in the process of 
fibrosis with many macrophages. 
On the bone: fibrotic; focal metaplasia of cartilage 
and direct bone metaplasia, fewer macrophages; 
osteoclastic resorption of underlying bone. 
Slight to moderate mononuclear inflammatory infil-
trate in the pannus. 
Cancellous bone 
Marrow 
viable, markedly porotic 
Intensive bone formation, but not enough to com-
pensate the resorption. 
Many bone trabeculae (fig. 9.10) consist of fibrillar 
core rimmed by lamellar bone. 
Mostly fibrous, partly lipomatous and haemopoietic 
Group III 
Duration follow-up 5, 5.5 and 7.5 months 
Goat number 35, 37, 28 
Remnant femoral head 
- size grown smaller 
- shape moderately pronounced deformation 
Surface bone Original lamina compacta replaced by newly-for-
med lamellar bone parallel to the surface, totally 
covered with thick pannus of a pattern similar to 
that in group II, thicker on the lateral than on the 
medial side. 
Synovialocytic transformation of the fibrocytes at 
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the periphery of the pannus; many macrophages 
and giant cells, as in groups I and II, locally also in 
granuloma form. 
Osteoclastic resorption, partly directly under the 
pannus, partly also dissecting running parallel with 
the surface through the bone lamellae; most pro-
nounced where the pannus is thickest (fig. 9.11). 
Scattered small fragments of necrotic bone, both 
lamellar and fibrillar in the pannus with signs of 
resorption. 
Cancellous bone viable 
osteolysis > bone formation 
slight bone reconstruction 
osteoporosis 
Marrow as in group II 
The three prostheses of the intermediate group (II) which had been implan-
ted without making extra fixation holes in the femoral head, showed very 
advanced development of pannus and almost complete bone resorption 
resulting in a completely loose cup. 
The pannus always developed from the edges, primarily at the lateral edge; 
consequently, the pannus was thickest there. 
Goat 25: 
The femoral head (infected animal) was almost completely necrotic, with 
only a few viable trabeculae still visible centrally in the cancellous bone. 
There was marked infiltration of the pannus layer by mononuclear and 
polynuclear cells. The pannus was partially necrotic. 
Tetracycline sections 
Examination of the tetracycline-labelled sections confirmed the viability of 
the remaining bone and the bone reconstruction. Just as in standard histo-
logy, this reconstruction was characterized by tetracycline fluorescence and 
more pronounced in the group with medium-long follow-up. Fluorescence in 
the pannus layer was never observed. 
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Fig. 9.7: Pannus tissue with osteolysis of trabeculae of cancellous bone by polynuclear osteo­
clasts (—»); pannus tissue is connected with fibrous marrow (staining: HE; magn: 130x). 
Fig. 9.8: Cell-rich pannus tissue, with a few ectatic thin-walled blood vessels (staining: HE; 
magn: 350x). 
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Fig. 9.9: Pannus tissue under cement layer containing numerous macrophages with cement 
granules (staining: HE; magn: 520x). 
^fZ*: m 
Fig. 9.10: Fibrillar bone with osteolysis by osteoclasts (staining: HE; magn: 350x). 
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Fig. 9.11: Dissecting resorption of lamina compacta (between arrows) by cell-rich pannus; on 
the surface, pannus with developing fibrosis and already fibrotic (staining: HE; magn: 130x). 
Non-decalcified sections 
The preparations stained with Goldner's trichrome yielded additional infor-
mation on bone mineralization and transformation. Osteoid areas, stained 
red, so that they could be distinguished from mineralized bone, stained 
green, enabling better evaluation. 
9.4. Conclusions histological findings 
1. In the pathogenesis of loosening of the prosthesis, pannus formation plays 
the principal part in that it causes osteolysis. There is no osteolysis in areas 
without pannus. 
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2. Pannus develops from the edges of the prosthesis, expands between the 
cement layer and the lamina compacta of the femoral head and grows 
thicker. 
3. The lamina compacta and later the cancellous bone of the head as well are 
resorbed by poly- and mononuclear osteoclasts that appear in the pannus. 
4. The lamina compacta is destroyed from the surface downward and by so-
called dissecting resorption. 
5. The intensity of the osteolysis is in proportion to the thickness of the 
pannus. 
6. The development of the pannus is prevented or, at least, delayed by 
primarily good fixation; this is suggested by the extra fixation in groups I 
and III. 
7. The pannus appears first on the lateral side and is thickest there. 
8. The greatest accumulation of macrophages and giant cells with phagocy-
ted material in the pannus is found under the cement which could indicate 
that these cells play only a secondary part in the osteolysis and the 
loosening of the prosthesis. 
9. The amount of polyethylene and cement particles is small so that it does 
not appear that proliferation of the pannus is due to these particles. 
9.5. Discussion 
Resurfacing arthroplasty was studied with the aid of animal experiment in 
the New York Hospital for Special Surgery (Mendes et al, 1974). These 
authors report aseptic head necrosis in four of the eight cemented cup 
prostheses (polyethylene on polyethylene). 
Exactly what had caused this osteonecrosis is not clear, since several varia-
bles may all to a greater or lesser extent have contributed to the failure of the 
prosthesis. These include differences in surgical techniques, the mono- or 
bilateral nature of the operations and poor selection of material (polyethy-
lene on polyethylene). The phagocytotic reaction that occurred in the 
periarticular tissue due to excessive presence of wear particles was recogni-
zed by Charnley (1963) who accordingly regarded this as the cause of 
loosening of this type of cemented prosthesis. However, it is interesting to 
observe that in the same animal experiment the animal with the longest 
follow-up (1.5 years) showed the best result, and moreover that the femoral 
head was found to be sound. This operation had involved only minimal 
f raising. 
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Salzer et al (1978) reported an experiment in which ceramic double cup 
prostheses were implanted in 12 dogs. They report as result that necrosis of 
the head did not occur; the article includes no histological photographs. 
Hedley et al (1979) implanted Tharies prostheses in 28 dogs; 18 dogs were 
described histologically. Their findings were that in animals with a short 
follow-up, up to two weeks, there was good contact between bone and 
cement. In all cases with a longer follow-up, a pannus layer between bone 
and cement was encountered. If the primary fixation of the prosthesis had 
been good, this membrane was thin. If the primary fixation had not been 
optimal, the pannus layer developed sooner and was thicker. Similar expe-
riences were gained by Sew Hoy et al (1981) who studied the acetabular 
cement-bone interface in an experiment with dogs. The findings obtained by 
Hedley and Sew Hoy are in complete agreement with the results of our own 
study. A firm contact between bone and cement was seen only in our short 
follow-up cases. The early development of a thin membrane appears to be 
less important than the increase in thickness of the membrane that brings 
about loosening. The increase in thickness of the pannus, sometimes after 
only a short length of time, cannot be attributed primarily to the presence of 
wear particles. Such particles were observed after some time in the macrop-
hages, but to a far lesser extent than in the human preparations. This is 
probably due to the brief follow-up in the animal experiments. 
Osteolytic activity was stronger in cases with a thicker and weaker in cases 
with a thinner pannus layer. 
The cytogenesis of the osteoclasts in the pannus remains obscure to us. 
Currently, the osteoclasts in normal bone are considered to be derived from 
blood monocytes (McArthur et al, 1980). Possibly, the macrophages and 
osteoclasts in the pannus have the same origin. However, we have observed 
phagocytic activity in fibroblasts, beginning with accumulation of a few 
cement granules and minuscule particles of polyethylene, after which these 
fibroblasts grew larger and it was our impression that they eventually 
changed into macrophages. Furthermore, we have seen mononuclear cells of 
a fibroblastic pattern in connection with pannus tissue that filled superficial 
lacunae in the bone trabeculae and we regard these as mononuclear osteo-
clasts that originate immediately from the pannus tissue. This may be 
theoretically explained by the pluripotentiality of young pannus cells that 
may cause this transformation. However, the design of this experiment 
precluded proof of this hypothesis. The probable causative mechanism is 
mechanical instability of the implant. Micromotions stimulate the pluripotent 
cells in the pannus which then develop into osteoclasts, thereby starting up 
the loosening process. 
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In subsequent articles, Hedley et al (1982) and Kim et al (1984) describe the 
observation of penetrating growth of bone into a femoral cup with a porous 
coating of a resurfacing prosthesis in an experiment with dogs. Given good 
fixation, the ingrowth of bone started as soon as after two weeks. The 
absence of a pannus layer was regarded as proof of good fixation and as an 
explanation of the fact that no osteoclastic activity developed. After implan-
tation of an acetabular cup without cement Hedley arrived at similar conclu-
sions (Hedley et al, 1983). 
In the development of the pannus, several mechanisms play a pathogenic 
part: not merely the consequences of the surgical trauma with the inevitable 
direct injury to the bone and soft tissues resulting in an inflammatory 
reaction, but particularly the mechanical weight-bearing leading to stimula-
tion; the latter is strongest at the lateral edge, where the pannus appears first 
and is thickest. This difference with the findings in humans is probably 
explained by the difference in weight-bearing on the femoral head in the goat 
(Bergmann et al, 1984). 
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Preface to Chapter 10 
Finite Element Method (FEM) computations, described in chapter 10, were 
carried out in cooperation with the Eindhoven University of Technology 
(EUT), department of Mechanical Engineering, section Fundamental 
Mechanical Engineering.The linear FEM model (section 10.2) was develo-
ped by Dr Ir R. Huiskes and the calculations were performed with the 
FEMSYS FEM program of the above-named section on the Burroughs 
computer of the EUT, with assistance from Ir J. van Heck, at the time 
undergraduate assistant, sponsored by the Foundation for Research and 
Technology of the University of Nijmegen. The non-linear model (section 
10.3) was developed by Ir W. Vroemen, at the time undergraduate student of 
the above-named section, under the direction of Dr Ir R. Huiskes, as a part 
of a graduation project under responsibility of Prof. Dr Ir D.H. van Campen. 
For this FEM model, use was made of the MARC FEM program on the 
VAX 750 computer of the EUT. 
Section 10.2, with a few additions, has been published in Acta Orthopaedica 
Scandinavica (Huiskes R, Strens PHGE, Heck J van and Slooff TJJH: 
'Interface stresses in the resurfaced hip. Finite element analysis of load 
transmission in the femoral head'. Acta Orthop Scand (1985), 56, 474-478. 
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CHAPTER 10 
Biomechanical aspects 
10.1. Introduction 
One of the presumed advantages of the resurfacing prosthesis over the 
conventional, intramedullary prosthesis concerned its biomechanical aspects. 
Wagner (1978) presumed that the force transmitted from prosthesis to bone 
on the femoral side would run a much more natural course so that stresses 
and deformations at the implant/bone interface would give rise to a far lesser 
extent to bone resorption, remodelling and ultimately, mechanical loosening. 
Wagner's argumentation was that in the normal hip, the articular force by 
way of the cartilage causes a distribution of compressive stress over the 
femoral head and that this same distribution of compressive stress would 
occur after resurfacing. 
However, subsequent mechanical analyses of the Wagner cup, and of other 
resurfacing prostheses, have shown that this presumption was wrong (Shybut 
et al, 1980; Huiskes and van Heck, 1981; Askew et al, 1984; Schreiber and 
Jacob, 1984). At the implant/bone interface, not only compressive stresses 
but also demonstrable tensile stresses and shear stresses occur, which may 
give rise to mechanical failure and, owing to their non-physiological nature, 
to remodelling of bone (Huiskes and Nunamaker, 1984; Huiskes, 1986). 
Moreover, the analyses showed that in the cancellous bone of the head 
beneath the cup, the stresses are lower than in the normal situation ('stress 
shielding'), which might lead to bone resorption. Finally, the stress analyses 
predicted high stress peaks in the bone near the rim of the cup which might 
cause bone fractures. 
The acetabular cup derives its shape and properties from those of the femoral 
component: the thin, flexible construction is a consequence of the relatively 
large diameter of the head and not based on biomechanical criteria. There 
are no known stress analyses for the acetabular configuration in the litera-
ture, but Pedersen et al (1982) and Carter et al (1982), who carried out stress 
analyses of cup fixations in general, found that a high structural flexibility of 
the cup gives rise to relatively high stresses at the implant/bone interface. 
A final important biomechanical aspect of the resurfacing prosthesis is that of 
friction between the femoral and acetabular cups. Friction causes a tilting 
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moment in the plane of the movement, which together with the articular 
force has to be transmitted to the bone. Accordingly, high friction leads to a 
heavier load and higher stresses at the interfaces. The magnitude of the 
friction forces depends inter alia on the diameter of the head. Consequently, 
the friction in the resurfacing prosthesis is higher than that in a conventional 
THA (Ma et al, 1983). 
In summary, analyses and measurements have shown that the resurfacing 
prosthesis, where its biomechanical qualities are concerned, is in many 
respects inferior to the conventional THA, although initially, on intuitive 
grounds, the opposite was expected. Considering the relatively bad clinical 
results of resurfacing in general, it is much to be regretted that these analyses 
and measurements have not been carried out before introducing the prosthe-
sis on to the market. 
Since the general aim of the present study was to gain insight into the 
mechanism of failure of the resurfacing prosthesis, still further biomechanical 
investigations have been carried out. The purpose of these investigations, 
described in this chapter, was to determine to what extent failure of the 
femoral cup might be due to biomechanical causes. To this end, in the first 
instance a linear finite element method (FEM) model was developed which 
allows calculation of the stress distribution in the various materials and at 
their connections for an idealised (immediately postoperative) configuration, 
in which loosening of connections has not yet occurred.The results obtained 
with this model give an impression of the mechanism of the force transmis-
sion from prosthesis to bone, as well as serving to verify (or falsify) the 
superior biomechanical fixation concept advanced by Wagner (1978) and 
others and they give some idea of the risk of occurrence of mechanical 
failure. 
Subsequently, a non-linear FEM model was developed to enable study of the 
mechanical loosening mechanism of the cup and an analysis of the effects of 
gradual bone resorption, as observed in the histological material, on the force 
transmission. In other words, with the linear model the risk of occurrence of 
mechanical failure is studied, while with the non-linear model, the gradual 
process that ultimately leads to clinical failure is investigated. 
10.2. The linear FEM model 
10.2.1. Methods 
The method of investigation is the Finite Element Method (FEM), preemi-
nently suited to analyse stresses in complex biological structures 
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(Zienkiewicz, 1977; Huiskes and Chao, 1983; Huiskes, 1984). The applica­
tion of this method implies the development of a model which mimics the real 
structure in its most essential features. These features can be categorized into 
a) geometry of the structure, b) properties of the materials involved, c) 
properties of the connections between the materials and the boundaries of 
the model, and d) the loading conditions. After delineation of the model as a 
geometrical entity with appropriate boundary conditions, the model is 
mathematically divided into little blocks or elements, connected in nodal 
points. In the computer simulation model, the separate elements are assigned 
the appropriate material properties (elastic constants), and boundary nodes 
are provided with the appropriate loads. The computer program then calcu­
lates the strains and stresses in the nodal points by solving a set of equations. 
A frontal section of the three-dimensional model utilized in the present 
investigation is shown in fig. 10.1. The coordinate angle θ denotes the 
circumferential location of a longitudinal plane; θ = 0ο/180ο comprises the 
sagittal plane, θ = 907270° the coronal plane. The load F, represents the one-
legged stance by approximation. Fl is the resultant force of a distributed load 
over a circular area of the cup, ellipsoidal in contour, with a unit force 
magnitude (1 Newton). 
The actual model comprises the head-neck region only (fig. 10.2). The 
rationale for such a limitation is twofold. In the first place it is obvious from 
mechanical considerations that the stress distribution away from the head-
neck region is not affected by the presence of the cup, which was actually 
once more proven experimentally by Oh et al (1979) and Shybut et al (1980). 
In the second place, this limitation allows for an assumption of axisymmetric 
geometry without too great a loss in accuracy. In this case, ring elements 
can be utilized (fig. 10.2) and the three-dimensional solution can be obtained 
as a superposition of two-dimensional analyses, each of which represents a 
term of Fourier series describing the complete three-dimensional external 
loading configuration. This approach saves computer time and space, and 
hence enables a much finer element mesh to be used, thus enhancing the 
mesh accuracy. 
In the present model (fig. 10.2), 646 6-node axisymmetric ring elements were 
applied (linear stress distribution within an element cross-section). The 
three-dimensional loading and stress distributions were described by 11 
Fourier terms, hence 11 subsequently superimposed 2-D solutions. 
All stress results were normalized to a unit hip joint force of 1 N. The 
separate materials were assumed linear elastic, homogeneous and isotropic, 
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and the material connections rigidly bonded. Young's modulus of cancellous 
bone was taken as 2,000 MPa, cortical bone as 20,000 MPa, acrylic cement as 
2,000 MPa, and metal as 200,000 MPa. All Poisson's ratios were assumed to 
be 0.3. 
Fig. 10.1: A frontal 
section of a model for the 
proximal femur with a 
surface replacement 
according to Wagner 
(1978). The head-neck 
region used in the FEM 
models is indicated. The 
external load distribution 
used in the models is also 
shown. 
Fig. 10.2: Finite element 
mesh for the 3-D model, 
utilizing axisymmetric 
ring elements. 
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70.2.2. Results 
The external force F1 (fig. 10.1) is applied as an ellipsoidally distributed load 
over a circular area of the cup. This results in a peak compressive stress of 1.6 
x 10~2 MPa/N (0.016 Newton/sq.mm stress per Newton applied force) on the 
external cup, as indicated in fig. 10.3. 
Fig. 10.3: Qualitative 
illustration of the local 
load transfer mechanism. 
The external compression 
on the cup is transformed 
into bending in the cup; 
the neutral plane (n.p.) 
with zero stress is 
indicated. Above this 
plane the cup is in 
compression, under this 
plane in tension. A part 
of the load is directly 
transferred to the cement 
foundation, engendering 
compressive and shear 
stresses at the cement-cup 
interface and at the 
cement-bone interface. 
Within the cup, the compressive external load is transformed to bending 
stresses (fig. 10.3), in the same manner as a transverse load on a beam is 
transformed to bending stresses in the beam. The neutral plane (n.p., 
analogous to the neutral line in beam-bending) with zero stress is indicated in 
fig. 10.3. Above this plane there is increasing compressive (bending) stress 
up to a peak level of approx 3.7 x ICT2 MPa/N. Below this plane we find 
increasing tensile (bending) stress, up to a level of about 2.1 x 10"2 MPa/N. 
Although the cup acts as an elastic buffer, part of the external load is 
transferred directly to the cement foundation (fig. 10.3), where a peak 
compressive (interface) stress of about 9.4 X 10"4 MPa/N occurs. A second, 
even higher compressive peak stress (15.2 x ICT4 MPa/N on the cement, 
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however, occurs on the lateral side, under the cup rim. The maximal shear 
stress at the cement-metal interface (12.7 x 10^ * MPa/N) occurs also in this 
region. The locations of these stress concentrations indicate that at least a 
part of the external load is transferred in that region, bypassing the central 
part of the head ('stress shielding'). 
The stress state at an arbitrary point of the cement-bone interface can be 
represented by a normal, direct stress component (σ
π
), which attempts to 
either compress (σ
η
 negative) or distract (σ
η
 positive) the two materials, and a 
shear stress component (τ) which attempts to shear the materials apart 
tangentially. The patterns of these stresses over the interface are illustrated 
in figs 10.4a and b, respectively. The patterns are shown in five sections from 
θ = 0° to θ = 180° only, since they are symmetric with respect to the sagittal 
plane, hence the plane θ = 90° will be a mirror image of θ = 270°, and so on. 
The peak compressive stress (fig. 10.4a) occurs directly under the external 
load (Θ = 0°), and reaches about 7.5 x 10^ * MPa/N. A local peak also occurs 
in the lateral cup rim region (Θ = 0°), with a value of about 6.2 x 10^ MPa/N. 
Only very small tensile stresses are found. 
The peak shear stresses (fig. 10.4b) occur in the superior cup rim region, in 
the frontal plane (Θ = 0°), and at the apex of the head in the coronal plane (Θ 
= 90°), amounting to about 5.5 x IO"4 MPa/N and 5.9 x IO4 MPa/N, 
respectively. 
The patterns of fig. 10.4 again indicate that a significant part of the external 
hip load is transferred to the bone via the superior cup rim region. Whereas 
in the normal hip the greatest part of the load is transferred directly through 
the head to the medial cortex (e.g. Brown et al, 1980), in this case the central 
part of the head is partly bypassed, and thus 'stress shielded'. 
10.2.3. Discussion 
It is important to appreciate that the concept of (Wagner) surface replace­
ment was analysed, rather than a particular patient case. The model is an 
idealised representation of an actual structure, featuring several simplificati­
ons and assumptions imperative for the application of the technique. Hence, 
the stress values should be regarded in a relative, rather than in an absolute 
sense. 
Comparable analyses were reported by Shybut et al (1980), who studied a 
two-dimensional FEM model of the THARIES replacement, assuming non-
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homogeneous bone properties, by Askew et al (1984), who analysed the 
stresses in a three-dimensional FEM model of the same THARIES prosthesis 
and by Schreiber and Jacob (1984), who studied the ICLH surface replace-
ment with an axisymmetric FEM model, comparable to the one reported 
here. Generally speaking, the trends reported in these studies are in agreem-
ent with the ones found here. However, both the ICLH and the THARIES 
models exhibited higher stresses in the lateral/superior cup rim region, higher 
tensile stresses at the medial/inferior interface, and more stress shielding in 
the central head region than found in the present analysis of the Wagner cup. 
Although alternative modelling techniques and assumed loading conditions 
may play a role here also, it is probable that these differences are a result of 
the higher flexibility of the Wagner cup, when compared with the other 
designs. 
The stress patterns obtained here (fig. 10.4) are evidently not in agreement 
with the previously assumed physiologic nature of the stress transfer in joint 
replacement structures of this kind (e.g. Wagner, 1978). The compressive 
stress peaks at the superior/lateral interface, the tensile stresses at the 
inferior/medial interface, and the shear stresses over the whole interface are 
certainly not natural to the bone. In addition, when multiplied by a realistic 
hip joint force magnitude (e.g. 3 x body weight), their peak values indicate 
an uncomfortably low safety factor relative to interface strength data repor-
ted in the literature. Hence, it seems attractive to explain the relatively high 
clinical failure rates reported in the literature by the occurrence of high, 
unnatural interface bone stresses in the initial postoperative stage and 
subsequent mechanical failure. 
However, the interface stress magnitudes found in this case are not much 
higher than those reported in analyses of intramedullary fixated prostheses 
(e.g. Crowninshield et al, 1980; Huiskes, 1980; Huiskes and Vroemen, 1985) 
or in surface-type fixations such as the acetabular cup (Pedersen et al, 1982; 
Carter et al, 1982; Huiskes, 1985) and the tibial component of the knee (e.g. 
Bartel et al, 1982; Lewis et al, 1982). Hence, if femoral surface replacements 
fail relatively early due to biomechanical factors, these factors are probably 
not closely related to the initial, postoperative stress patterns. 
It may hypothesized, based on these findings, that it is not failure initiation 
due to high initial stresses that is the significant denominator, but rather 
failure propagation due to a combination of mechanical effects (progressively 
increasing stresses and micro-motions through local failures) and biological 
phenomena (gradual interface bone resorption through micro-motions). 
According to this hypothesis, the relatively early failure of surface replace-
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ments would be caused by a relatively high sensitivity to interface loosening 
or, in other words, by a lesser 'secondary' stability when compared with other 
types of replacements. This idea has also been suggested by Askew et al 
(1984). 
This hypothesis deserves further investigation by stress failure analyses in 
combination with animal experiments. If true, it implies that prosthetic 
designs should be analysed relative to their potential to provoke failure 
propagation, rather than only initiation. 
10.3. The non-linear FEM model 
10.3.1. Methods 
Starting from the three-dimensional (rotation-symmetrical) linear FEM 
model described in the previous sections, a two-dimensional FEM model of 
the femoral head with resurfacing prosthesis was developed (Vroemen, 
1985). There were two reasons for developing such a relatively simple model. 
In the first place, with the rotation-symmetrical model it is not possible, using 
the FEM solution strategy chosen, to account for the actual inhomogeneous 
elastic properties of the cancellous bone, to simulate the (asymmetrical) bone 
resorption phenomena or to schematize the (non-linear) contact conditions 
of the loose cup. In the second place, current restrictions in computer 
capacity make it impossible to introduce the non-linear contact conditions 
into a completely three-dimensional model. Therefore, the current model, 
compared with the previous model, is partially simpler in its geometrical 
qualities but also partially more realistic considering the inhomogeneous 
distribution of the elastic properties of the bone. 
The material and geometric characteristics of the model, the external load, 
and the element-mesh are shown in fig. 10.5. The bone is schematized in the 
frontal plane as linear, isotropic and inhomogeneous in its elastic properties; 
the values of Young's moduli in the various areas were taken from Brown 
and Ferguson (1980). 
The bone is divided into isoparametric 4-node plane stress elements. The cup 
is schematized with linear beam elements in the frontal plane and with a 
number of beam elements between the medial and lateral sides of the cup 
('spanning elements'). The schematization with beam elements was chosen in 
view of the results of the three-dimensional (rotation-symmetrical) model, 
which showed that the cup behaves as a plate on an elastic support. The 
rigidity of the spanning elements was chosen to ensure optimal congruence of 
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Fig. 10.5: Schematic representation of the 2-D FEM model for the non-linear analysis, with the 
cup drawn separately from the bone. 1: Quadrilateral plane stress elements; 2: beam elements 
(cup and spanning elements); 3: gap elements. Three loading cases are indicated with resultant 
external forces only; N: neutral orientation; M: medialized; L: lateralized. 
Elastic moduli: A: 1.7xl04 MPa (cortical bone), B: 550 MPa (trabecular bone), C: 400 MPa 
(trabecular bone). The thickness of the bone elements is 50 mm; the dimensions of the cup 
elements were chosen so as to simulate the 3-D structural behaviour as well as possible 
(Vroemen 1985). 
the deformations in the 2-D beam model with those in a 3-D plate model 
(Vroemen, 1985). The 2-D model lacks the cement. There are two reasons 
for this absence. Firstly, histological results show that in the process of 
loosening, the layer of cement acts in concert with the cup. Secondly, the 
results of the 3-D model show that owing to the thinness of the cement layer 
it plays no appreciable part in the distribution of stresses and stress gradients 
at the cup/bone interface. 
This 2-D FEM schematization was checked by carrying out a linear calcula-
tion and comparing the cup/bone interface stresses with the earlier results 
obtained with the 3-D (rotation-symmetrical) model under the same loading 
conditions. The stresses are rotated in relation to the general coordinate 
system so as to distinguish between normal stresses (tensile, compressive) 
and shear stresses. The comparison (fig. 10.6) reveals a reasonable similarity, 
which implies that the 2-D cup model describes the spatial, structural 
behaviour of the cup with sufficient accuracy. 
For simulation of loosening of the cup, gap elements between cup and bone 
were introduced in several places (fig. 10.5). These gap elements sever the 
connection when tensile stress occurs and when shear stresses exceed fric-
tion. To this purpose, a friction coefficient has to be defined. For reasons of 
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numerical stability, no gap elements were introduced in a part of the cup/ 
bone interface. For this part the area below the weight-bearing on the hip 
was chosen because histological findings have shown that here, cup and bone 
nearly always remain firmly connected. Therefore, cup and bone remain 
connected in the model here as well. 
In the non-linear calculations, the external load has to be applied slowly, in 
order to enable the gap elements to adjust gradually without causing numeri­
cal instability. Another requirement was that the model would be able to 
simulate different loading conditions, corresponding roughly to the load 
changes occurring in the live patient during walking (Rydell, 1966). To this 
purpose the following loading scheme was used (see also fig. 10.5). An 
ellipsoidal stress distribution (as in the 3-D, rotation-symmetrical model) was 
assumed and implemented with corresponding nodal point forces. Starting 
from the non-weight-bearing situation, the nodal point forces were raised in 
15 progressively increasing steps to a total (resultant) force of F = 3000 N 
(approx 4 x body weight). Throughout this increase the resultant force was 
directed at an angle θ = 35° to the axis of the femoral neck (as in the linear, 3-
D analysis). The nodal point forces were then adjusted in such a manner that 
the resultant force (constant at 3000 N) rotated through an angle of 20° to θ = 
55°, in 4 steps of 5°. After which, in 8 steps of 5° back to θ = 15°. 
The friction coefficient between bone and implant in the loose cup is 
unknown. To study this factor, the effect of the (Coulomb) friction coeffi­
cient (f) was investigated by parametric variation in a simplified model 
having fewer elements. Coefficient values of 0.05, 0.1, 0.5, 1, 2, 3, 4, 5 and 
100 were assumed successively, and the opening and closing behaviour of the 
gap elements were compared (Vroemen, 1985). This behaviour did not 
change appreciably for f > 1. It was also found that for f < 1, the ultimate 
status of the gaps for F = 3000 N did not vary appreciably, although the 
opening and closing conduct during the build-up of the force was different. 
On the basis of these analyses it was decided to use the value of f = 1 for the 
calculations. This means that in the model and the (loosened) cup/bone 
interface the shear stress is equal in magnitude to the normal stress. For a 
final check in the ultimate model, calculations were also carried out with f = 
0 and f = 5. 
To study the effects of bone resorption, elements in the model were effecti­
vely removed by reducing the Young's moduli to very low values, guided by 
the histological findings. For the 'ultimate' state of the resorbed configura­
tion a typical specimen of the histological study was taken as an example (fig. 
10.7). In the model, this state was achieved by way of nine resorption steps. 
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For each resorption configuration, all calculations were made with the load-
increment cycle described above. From the results, four configurations were 
selected which, where the mechanical effects were concerned, may be 
regarded as representative of the course of the resorption, the intact condi-
tion (VIO), resorption medially (VU), resorption medially and laterally 
(V14) and the ultimate condition (V19, cf. fig. 10.7), as shown in fig. 10.8. 
resorbed 
Fig. 10.7: Typical 
example from histological 
study (cf. fig. 8.3) used as 
the guideline for the 
resorption configuration 
of bone/soft tissue. 
Fig. 10.8: Four 
subsequent bone 
resorption stages (out of a 
total of 19) modelled in 
the FE analysis. V10: 
intact bone; VII: medial 
resorption; V14: medial 
and lateral resorption; 
V9: resorption completed 
according to histology (cf. 
fig. 10.7). 
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In addition, a number of other parameter variations were carried out. Apart 
from a calculation with homogeneously distributed properties of the cancel­
lous bone, to study the effects of inhomogeneity, calculations were made with 
a more flexible cup (E = 2 χ IO3 MPa) and with a more rigid cup (E = 2 χ IO7 
MPa). Finally, a (linear) calculation was carried out to compute the stress 
distribution in the intact femoral head. To this purpose, the Young's modulus 
of cortical bone (E = 1.7 χ IO4 MPa) was assigned to the elements of the cup. 
10.3.2. Results 
When in the model with the fixed cup (linear model) the load is rotated, the 
bone/cup interface stresses undergo considerable changes. After rotation 
from 35° to 55°, the maximal compressive stresses on the lateral side and the 
maximal tensile stresses on the medial side, below the rim of the cup, increase 
by a factor of more than two (fig. 10.9). After reverse rotation to 15°, the 
compressive stress on the lateral side changes into tensile stress and the 
tensile stress on the medial side into compressive stress. The maximal 
compressive stress at the bone/cup interface under the external load under­
goes hardly any change of value, and this also holds true of the shear stress 
beneath the lateral and the medial rims (fig. 10.9; cf. also fig. 10.6). 
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Fig. 10.9: Stress peaks at the implant-bone interface (tension/compression and shear), compa­
ring the three loading cases, in the case of the fully connected cup (linear case; force magnitude 
3,000 N). 
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Fig. 10.6: A comparison of implant-bone interface stresses as calculated with the 3-D (axisym-
metnc) model and with the 2-D model (linear) case connected cup. 
-a: direct, normal stresses, perpendicular to the bone surface (outside curves: compression; 
inside curves: tension). 
-b: shear stress, parallel to the bone surface. 
Reasonable agreement is obtained, except for the medial, inferior region. Althrough this 
discrepancy may partly be due to artefacts in the 3-D model, it has also been noted in 
corresponding comparisons (Askew et al, 1984). 
medi lateral 
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In the model with the loosened cup (non-linear model), the maximal com-
pressive stresses over the entire bone/cup interface increase by factors of two 
to four. On the medial side, the cup moves away from the bone. These effects 
are most pronounced for the force angle at 55° (fig. 10.10; for clarity the 
representation of the deformations is exaggerated). 
Fig. 10.10: Deformation of the FEM model, 
for loading case L (loose cup). The 
deformation is greatly exaggerated to allow 
visual detection. 
A complete survey of the changes of stress in the bone is shown in fig. 10.11. 
For three load situations (resultant loads at angles of 35°, 55° and 15° to the 
axis of the femoral neck) this figure shows the von Mises stress patterns for 
respectively: the intact head, the head with a fixed cup, a loose cup, medial 
bone resorption at the bone/cup interface (VII), and medial and lateral bone 
resorption (V19). As the figure shows, in the intact head, the force is 
transmitted largely along the central pathway with a relatively high rigidity, 
to the medial cortex. The stress patterns show a pronounced resemblance to 
the trabecular structure of the bone. After resurfacing, part of the load is 
introduced to the lateral side of the cup rim; in the centre of the head, stress 
reduction occurs ('stress shielding'). This effect is further enhanced in case of 
loosening of the cup: a further decrease of stress in the centre of the cup, 
especially on the medial side, and a further increase of stress on the lateral 
side, under the rim of the cup. Considering the reduction of stress in the bone 
on the medial side, it is not surprising that subsequently, medial bone 
resorption (VII) exerts hardly any influence on the stress patterns. Conside-
rable differences occur, however, after bone resorption on the medial and 
lateral sides (V19). Now, the stress patterns once more show the greatest 
similarity to the intact situation, with transmission of the force along the 
central pathway in the head to the medial cortex. 
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Fig. 10.11: Von Mises 
stress patterns in the bone 
for the three loading 
cases. From top to 
bottom: natural bone, 
resurfaced, loose cup 
(V10), medial resorption 
(VII), and resorption 
completed (V19). 
Fig. 10.12 gives an impression of the (micro)motions of the cup in relation to 
the bone in the course of the processes of loosening and bone resorption. For 
four stages [loose cup (V10), medial resorption (VII), medial plus lateral 
resorption (V14), and ultimate stage (VI9)], the movements (displacements) 
of the medial and lateral rims of the cup in relation to the nearest bone points 
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Fig. 10.12: Maximal 
motions of the cup, 
relative to the bone, on 
lateral and medial sides, 
for four stages in the 
loosening and bone 
resoption procedure, in 
each stage for the three 
subsequent loading cases 
N, L and M. 
were calculated for the three successive load situations. No differentiation 
has been applied here for the direction of the movement (away from the 
bone, towards the bone or along the bone). The figure shows that in the cup 
configuration V10 (loosening but no resorption) movement occurs mostly on 
the medial side. After medial resorption (VII), these relative movements do 
not increase, but now, movements occur on the lateral side as well. Once 
some bone has been resorbed on the lateral side also (V14), the movements 
further increase on both sides. Finally, in the ultimate configuration (V19), 
the maximal movements have once more increased by a factor of 2-3. The 
implications of these findings will be discussed in the following section. 
10.3.3. Discussion 
It is obvious that the FEM model as used here is a greatly simplified 
representation of the actual situation. Consequently, conclusions may only 
be drawn with regard to general trends. The reduction to a 2-D geometry 
constitutes an important but regrettably necessary schematization. However, 
if it is assumed that the load moves predominantly in the frontal plane, a 
reasonable approximation of the effects in that plane is possible. This applies 
the more since the 3-D rigidity characteristics of the cup outside the plane are 
schematized by the spanning elements. In any case, compared with the 3-D 
model, the 2-D (linear) model yields reasonable results. 
184 
3.000 N 
N L M N L M N L M N L M 
It should here be pointed out once more that the cup loosening and bone 
resorption were 'introduced' into the model externally in order to study their 
effects. Conceivable, but at present still impossible to realize, is a model in 
which the loosening and the (extent of) resorption are predicted, and 
introduced automatically through mathematical feedback. 
One parameter in the model is not actually known, viz. the magnitude of the 
friction coefficient in case of a loosened cup. However, when in a simplified 
model this parameter was varied between 0.01 and 100, no important 
difference in the conduct of the gap elements was observed; for a value of f Ss 
1, the influence was negligible. In the ultimate model (friction coefficient f = 
1), the effects were also studied for f = 0 and f = 5. Here, again, it was found 
that a value of f > 1 does not affect the stress distribution to any appreciable 
extent. For the values of f = 1 and f = 0, however, there is a difference, which 
manifests itself most when the load is applied at an angle of 15°. In the case of 
f = 0, more load is transmitted via the central head, and less to the medial 
and lateral sides. Naturally, this is only to be expected since in the f = 0 
situation no shear stresses occur at the cup/cement boundary. In this respect 
it should be noted that although the effect of the Coulomb (dry) friction was 
studied, whether the friction behaves according to the Coulomb model or 
not, is uncertain. 
The inhomogeneous elastic properties of the bone were introduced into the 
calculation as realistically as possible on the basis of values from the 
literature. However, a check calculation for which the bone was assumed to 
be homogeneous showed that the inhomogeneity exerts hardly any influence 
on the stress distribution. 
The resultant external load was varied between the angles of 15° and 55° to 
the axis of the femoral neck, according to a predetermined cycle. This cycle 
should be interpreted as a quasi-static rather than as a dynamic one, because 
viscous and inertial effects were not taken into account. The actual load was 
applied by way of nodal point forces on the cup, distributed in such a manner 
that an ellipsoidal stress pattern was simulated by approximation. To rotate 
the resultant force, the nodal point forces had to be moved. Since the nodal 
points were not distributed with perfect regularity, slight deviations occurred 
in the stress distributions at the various angles, but these are considered to 
exert little influence. In addition to the hip force, in reality there will also be 
generation of friction forces, giving rise to a bending moment in the frontal 
plane. Given a hip force of 3000 N, this bending moment may be in the order 
of magnitude of 10 Nm (Ma et al, 1983). This load, which also has to be 
transmitted by way of the cup/bone interface and which will further enhance 
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the wobbling effect of the cup on the partially resorbed head, was discounted 
in the present analysis. If we assume that the shear stress on the cup/bone 
interface due to this bending moment is distributed homogeneously (which 
will certainly not be the case), it will amount to approx 0.15 MPa in the model 
for the fixed cup configuration; in other words, on the order of 10% of the 
peak stress due to the hip force. This means that as far as the stresses at the 
interface are concerned, the effect of the frictional stress will certainly not be 
negligible, but will not play a predominant part, either. Again: the bending 
moment due to friction can only enhance the effects found here. 
In conclusion it should be stressed that the assumed ellipsoidal stress distribu-
tion over the cup may possibly not be quite in agreement with reality. The 
actual stress distribution, as appears from a recent analysis (Huiskes, 1985), 
depends on the elastic properties of the acetabulum and the implanted cup 
and in general will be slightly wider than has been assumed here. However, 
owing to the relative rigidity of the cup, which acts as an elastic buffer in 
respect to the external load, the effect of an altered stress distribution is 
reduced and where the tendencies studied here are concerned may be 
regarded as negligible. 
10.4. Discussion and conclusions 
In interpreting the results of the biomechanical analyses, caution is indicated 
because of the schematic nature of the models used. Even so, it is clear that 
the concept of femoral surface replacement does not provide the favourable, 
physiological stress patterns initially expected on intuitive-mechanical 
grounds (e.g. Wagner, 1978). Unnaturally high stress peaks occur at the 
lateral side in the bone beneath the rim of the cup. Unnaturally low stresses 
(stress shielding) occur in the central portion of the head. At the implant/ 
bone interface we encounter stress components that may well lead to fracture 
initiation, disrupture of the connection; this is especially the case below the 
medial cup rim (tensile stress) and below the lateral cup rim (shear stress). 
However, taken by themselves, the peripheral stress peaks and the central 
stress reductions do not suffice to directly explain the histological morpho-
logy in the failed prosthetic material. Nor do the stress patterns show that the 
relatively early failure of the surface replacement is only to be expected: 
similar stress values are found in analyses of other implants yielding good 
clinical results. Accordingly, if the mechanisms of clinical failure are determi-
ned or influenced by biomechanical factors, an explanation of this will have 
to be sought in the postoperative period as a whole, rather than in the 
immediately postoperative period alone. 
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Schreiber and Jacob (1984) reported findings similar to those described 
above regarding the histological morphology beneath failed ICLH prosthe-
ses. They also found comparable stress patterns in a FEM analysis concer-
ning the idealized immediately postoperative phase (fixed cup). They conclu-
ded that the central stress reduction in the bone leads to resorption and that 
the lateral and medial stress peaks beneath the cup rim cause local bone 
fractures. The findings here reported justify objections to both conclusions in 
so far as they are supposed to explain the clinical and histological results. 
Firstly, the histological and biomechanical findings obtained in the various 
stages are not consistent with the hypothesis that reduced stress, stress 
shielding, causes dissolution, and increased stress, formation of bone. During 
the immediately postoperative phase (fixed cup), reduction of stress occurs in 
particular directly beneath the external load, and increased stress especially 
on the lateral side beneath the cup rim. Loosening of the cup weakens the 
former effect, but reinforces the latter. After medial and lateral bone 
resorption, the entire central portion of the head becomes overloaded. 
According to the stress-adaptation hypothesis, this would lead initially to 
osteoporosis in the central apex of the head, and to sclerosis in the lateral 
peripheral area. No sign of such a mechanism emerges from the histological 
findings. In due course, once peripheral resorption has occurred, the entire 
central portion of the head, according to the hypothesis, would have to 
become sclerotic. No such sclerosis is found histologically, either, although 
all specimens examined displayed peripheral resorption. This does not prove 
that stress-adaptive behaviour of bone does not exist; the only thing we can 
say is that the hypothesis according to which this mechanism would play a 
part in clinical failure of the femoral cup cannot be confirmed on the basis of 
the present findings or on the basis of results reported in the literature. 
The second point is concerned with mechanical failure of peripheral bone as 
a direct cause of clinical failure. Indeed, peaks of shear stress and tensile 
stress are found here, also, at the medial and lateral implant/bone interfaces 
beneath the cup rim. Actual values may even be higher than those found, 
because of friction. In case of relatively low strength of the interface, this may 
lead to local interface fractures. However, extension of such local mechanical 
fractures toward the apex is not to be expected on the basis of the results 
obtained. Nor do the stress patterns justify the assumption of excessive 
peripheral bone resorption. Finally, it has to be assumed on the basis of 
comparable studies that such mechanical interface fractures occur in other, 
more successful arthroplasties, as well, so that these do not explain the 
relatively poor results of resurfacing. 
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When, however, in the interpretation we take into account not only the stress 
patterns but also the (micro)motions between implant and bone after loose­
ning of the cup, a consistent coordination of the histological, clinical and 
biomechanical findings does become possible. Although both the literature 
and personal communications confirm a generally accepted view that 
(micro)motions of implants relative to bone may cause bone resorption and 
fibrous interposition, in fact there has been little research in this area. Ferren 
et al (1975), experimenting with bone plates in animals, observed patterns of 
osteolysis around bone screws that suggested that the extent of motion 
determines the extent of bone resorption. On the basis of these experiments, 
Schneider (1982) advanced his hypothesis of the socalled 'Nulldurchgang' 
(zero passage), which states that bone resorption occurs in places where due 
to the external stress the implant moves away from the bone. It now appears 
that this hypothesis, with an amendment, is consistent with the biomechani­
cal, histological and clinical findings. 
As many investigations have confirmed, direct contact between cement and 
bone is never found; there is always a thin fibrous layer separating the two 
(Charnley, 1968). This suggests that the implant/bone interface will offer 
little resistance to tensile stresses. The analysis shows (figs 10.10 and 10.12) 
that the cup then recedes on the medial side of the bone, to a maximum of 
approx 150 μτη. According to the above hypothesis, this would lead to bone 
resorption and fibrous interposition. An analysis of the effects of this medial 
bone resorption shows that it causes hardly any changes of the stress patterns 
in the bone and of the (micro)motions on the medial side, so that a phase of 
equilibrium might be expected. However, when we assume that the connec­
tion between implant and bone is disrupted in the mechanical sense on the 
lateral side also, due to mechanical and/or biological factors, we find (fig. 
10.12) that the displacement of the cup along the interface increases to a 
maximum of approx 50 цт. Schneider's hypothesis (1982) is now augmented 
with the assumption that displacement along the bone also causes resorption. 
Simulation of this resorption in the FEM model leads to the conclusion that 
on the medial as well as on the lateral side the relative motions then increase 
to a maximum of 200 μτη (fig. 10.12). If this were to lead to additional bone 
resorption, the relative motions would subsequently increase to a maximum 
of 700 цт. 
The above interpretation of the biomechanical findings suggests that bone 
resorption and clinical implant failure are determined by (micro)motions of 
the implant, both away from the bone and along the bone. This hypothesis 
would explain the relatively short life-span of the surface replacement 
observed in the clinical material as well as the histological morphology. 
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Naturally, this does not prove that the hypothesis is correct, but merely 
renders it plausible. It must be left to further research with other implanta-
tion systems, again employing combined analysis of relative motions and 
resorption, to show whether the hypothesis is tenable. 
Acceptance of the hypothesis implies that 'secondary stability' is the essential 
determinant of how long a prosthesis will remain fixed. In other words, that it 
is not only the risks of mechanical loosening at the interface that are 
important, but also the mechanical effects of this loosening, in interaction 
with the biology of the fibrous interposition. 
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CHAPTER 11 
Summary, discussion and conclusions 
In the '70s the resurfacing hip prosthesis attracted much favourable attention 
for the treatment of severe hip joint disease, especially in younger patients 
for whom the alternative would be an osteotomy, an arthrodesis or a 
conventional total hip prosthesis. The prosthesis was conservative, in the 
sense of requiring only little bone to be resected. The mechanical pro-
perties were favourable, according to Wagner, since the distribution of 
the compressive stresses of the femoral head after resurfacing were believed 
to resemble the situation in the normal hip. In case of loosening, also, the 
resurfacing prosthesis was believed to offer advantages over the conventional 
hip prosthesis: there remained alternatives and a revision would not involve 
major technical problems. Any infection would be limited to a smaller area 
than in infection of a stemmed prosthesis. However, even after a brief follow-
up, complications were encountered, the main one being aseptic loosening of 
one of the prosthetic components. At first, this complication was blamed on 
faulty design, choice of wrong materials, lack of experience with the difficult 
surgical technique and faulty indications. However, faith in this prosthesis 
fell off when, once these starting problems had been overcome, the propor-
tion of loosenings failed to decrease. 
Our clinical material consisted of 84 Wagner prostheses, implanted in 76 
patients in the period 1976-1981. The mean age at the time of the operation 
was 50.6 years. Twice as many females as males were operated upon. The 
diagnoses before operation were primary coxarthrosis in 44%, secondary 
coxarthrosis in 43% and rheumatoid arthritis in 5%. Where the clinical 
material is concerned, our series is comparable with other series reported in 
the literature. 
With the exception of one femoral neck fracture, one month after operation, 
early complications were limited and usually transient. 
When the study was concluded in February 1984, the mean follow-up period 
was 5.1 years, with a range from 2.4 to 7.4 years. At that time, 28 prostheses 
in 25 patients had been revised. The probability of survival of the prosthesis 
was calculated according to the Kaplan/Meier method (1958). This projected 
survival rate predicted that after a follow-up of seven years, only 30% of the 
prostheses will still be in situ. Early in January 1986, the number of revised 
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prostheses had risen to 35 in 31 patients. As the mean follow-up had then 
increased to seven years, a more reliable prediction of prosthesis survival was 
possible. The projected survival rate drawn up on the basis of this longer 
follow-up shows a slightly more favourable picture than the curve of 1984: 
after seven years not one-third, but one-half of the implanted prostheses will 
be in situ (fig. 11.1). 
survival 
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Fig. 11.1: Projected survival rate of total population (n = 76) in 1984 and 1986. 
A large number of parameters were analysed, but only the effect of the 
duration of the symptoms proved statistically significant. The patients who 
had had preoperative symptoms for shorter than five years had a significantly 
poorer result than the patients with symptoms for longer than five years. 
There was a non-significant indication that the age groups under 40 years 
required a revision operation earlier. The percentage of patients with pri­
mary coxarthrosis in the revision group was lower than that of the other 
diagnostic groups. A previous operation on the same hip, the body weight 
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and the patient's activity level in our material were not found substantially to 
affect the probability of survival. 
For the clinical follow-up, the Harris Hip Evaluation System was used. In all, 
61 patients with 67 resurfacing hip prostheses were seen, always by the same 
observer. All patients invited attended. Eighty per cent of the patients 
subjectively assessed the result of the operation as excellent or good. 
However, only 60% could be classified as excellent to good on the basis of 
the Harris score. The mean Harris score had increased from 43.5 preoperati-
vely to 80 at the clinical follow-up examination. The two patients whose 
Harris scores were lower at the clinical follow-up were found, according to 
clinical and radiological criteria, to have a loose prosthesis, unlike all other 
patients. 
The factor pain had benefited most from the operation. The mobility of the 
hip increased in 65% of the cases. The best increases were seen in ab- and 
adduction and the endorotation capacity. 
Re-examination of X-rays revealed a gradual change of position of the 
prosthetic components. The position of the acetabular component in the 
axial X-ray was changed in 10%, while the AC angle had grown wider in 
57%. A widening by more than 10° was associated with a loose acetabular 
component, as demonstrated at the revision operation. The proportion of 
cases in which radiolucent lines round the acetabular component were seen, 
and the width of these lines exceed those in series of patients with a 
conventional total hip prosthesis. In only 4% of the cases had no radiolucent 
line developed one year postoperatively. At that time, this line has already 
developed completely with a width of at least 1 mm in 73%. After five years, 
the width of the line had increased to at least 2 mm in 31%. The flexibility of 
the thin polyethylene cup, the thin layer of cement and the risk of impinge-
ment are regarded as causes of an unfavourable load transmission, tension 
distribution and micromotions that further this rapid development of a 
radiolucent line. Expansion of the radiolucent line is suggestive of loosening 
of the acetabular component. 
The position of the femoral component also changed in time. Owing to bone 
resorption and varization of the cup, the CCD angle narrowed (mean 6.7°), 
femoral neck length decreased (by 4.4 mm on the average) and the head-
neck ratio (index) rose from a mean of 1.13 immediately postoperatively to a 
mean of 1.21 in the latest available X-ray. In this process, the distance 
between the cup and the femoral neck increases more on the medial than on 
the lateral side. 
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This is in agreement with the findings obtained on histological examination of 
human material, in which pannus tissue was observed that was thickest in the 
medial superficial and deep segments. A varization by more than 10° proved 
conclusive of a loose femoral component. The mean CCD angle was narro-
wer in the revision group than in the non-revised group. Implantation of an 
acetabular or femoral component in ante- or retroversion had not increased 
the risk of loosening compared with prostheses implanted anatomically. The 
femoral components implanted in the varus position had not loosened faster 
than those implanted in the valgus position. 
Cysts in the femoral head or in the acetabulum had not increased the risk of 
earlier loosening of the prosthesis. Partial femoral head necrosis was also 
found not to have affected the duration of survival of the prosthesis. A 
protrusio acetabuli, on the other hand, does increase the risk of earlier 
loosening significantly. Lateralization, or bilaterality of the hip joint disease 
had not affected the outcome. 
One year postoperatively, 71% of the X-rays showed that para-articular 
ossifications had developed. This large proportion is attributed to the type of 
incision of the hip. Mobility of the hip was less good in groups of patients 
with grade II and grade III para-articular ossifications than in the group 
without such ossifications or with grade I para-articular ossifications. 
The principal indications for revision surgery were pain and a reduced 
weight-bearing capacity of the leg. Radiological findings were contributory 
but not decisive. The revision operations revealed a loose acetabular compo-
nent six times, a loose femoral component six times and looseness of both 
prosthetic components, 11 times. One patient was reoperated because of a 
femoral neck fracture and one other· because of an infection. In the group 
with a loose acetabular cup, 80% showed a radiolucent line over 2 mm wide, 
while in the group as a whole, this proportion amounted to 18% in the X-rays 
made three years postoperatively. 
At the revision operation it proved possible in 86% to implant a hip 
endoprosthesis, although in 32% this necessitated a cancellous bone plasty. 
In view of these experiences at reoperation, it would seem incorrect to regard 
the double cup prosthesis as a means for gaining time, as alleged by 
Mogensen (1982), Spranger and Eder (1980) and Trentani and Vaccarino 
(1981). Such a large proportion of relatively early revisions, upon which in 
46% of the cases a total hip prosthesis could not be implanted at all or only 
with the aid of a cancellous bone plasty, renders it advisable to relinquish this 
operation, even if only to gain time, an opinion shared by Head (1982) on the 
basis of his investigation. 
The proportion of aseptic loosenings was substantially lower - 5% - in the 
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group of Amstutz et al (1981) than the mean proportion of approx 20% after 
three years as reported in the literature. Apparently, their patient selection 
and surgical technique are such that after a follow-up of 2 to 5 years only 5% 
of aseptic loosenings were seen. Possibly, the design of the prosthesis 
(Tharies) may have contributed to this good result, although other groups 
(Boettcher et al, 1982) have reported poor results of this type, also. 
Histological examination of 30 remnants of femoral heads after a resurfacing 
prosthesis showed that the mechanism of loosening occurs in two terminal 
forms. In case of subtotal or total necrosis of the femoral head, the weakened 
femoral head collapsed.In these cases, no pannus had formed. However, in 
87% of the cases the femoral head had remained viable or contained only 
small necrotic areas. In all these cases, pannus tissue had developed, sprea-
ding from the perophery to the centre of the head; the grade of prosthesis 
instability and the loosening of the prosthesis were directly correlated with 
the thickness of the pannus layer. The follow-up data together with the 
radiological, macroscopical and histological findings were consistent with the 
assumption that the pannus growth is stimulated by mechanical irritation 
caused by inadequate fixation of the prosthesis leading to micromotions, and 
by metabolites of tissues damaged during and after the operation. The 
increase with the passage of time of the numbers of foreign body particles 
such as cement and polyethylene provokes macrophagic activity and contri-
butes to the process of pannus formation and osteolysis. 
In the animal experiment in which the longest follow-up was only 7.5 
months, it was not the reaction to foreign body particles that predominated 
but the pannus growth and associated with it, radiologically demonstrable 
resorption of the femoral neck. The pannus tissue grows aggressively, and 
this causes the lamina compacta to disintegrate from the surface as well as by 
so-called dissecting resorption. This histological study indicated that pannus 
thickness was not correlated with the duration of the presence of the 
prosthesis, but depended on primarily good fixation. In our opinion fibro-
blasts and capillaries are stimulated into proliferative activity by microtrau-
mas and micromotions, so that connective tissue begins to grow and the 
loosening process starts. In the animal experiment the pannus appeared first 
on the lateral side, while in the human situation the pannus layer is seen first 
beneath the medial edge of the cup. This may be explained by the difference 
in weight-bearing on the femoral head (Bergmann et al, 1984). The wear 
particles are few in number and accordingly appear not to play an important 
part in this process. 
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The biomechanical analysis teaches us that the concept of the femoral surface 
replacement does not provide the favourable physiological stress patterns 
initially expected on intuitive-mechanical grounds (e.g. Wagner, 1978). On 
the lateral side at the site of the cup rim unnaturally high stress peaks occur, 
while the stress decreases in the central portion of the head. However, by 
itself this does not explain the early clinical failure of this type of prosthesis, 
because these phenomena are also observed with other, more successful 
prostheses. A pannus layer that develops soon after implantation of the 
prosthesis, due to mechanical or other causes, offers no resistance to tensile 
and shear stresses, so that micromotions occur which stimulate the growth of 
the pannus. Micromotions, in the sense of displacements of the cup relative 
to the bone will progressively increase in this type of prosthesis, especially if 
laterally and medially, the contact between the implant and the bone is 
disrupted in the mechanical sense. The friction between the femoral and the 
acetabular component of the prosthesis can only accelerate this process. The 
histological findings are consistent with this hypothesis. Even where the 
femoral components were still fixed, a pannus layer had developed, which 
was thickest on the medial side. The results of histological study, also, 
support the hypothesis that the micromotions are the primary cause of the 
increasing thickness of the pannus. 
The poor 'secondary stability' of the prosthesis of this design appears to 
determine its short survival. The initially thin pannus layer, as observed with 
all cemented implants, is strongly stimulated in this type and increases in 
thickness. Therefore, in designing a prosthesis, it appears advisable in 
general not only to aim at a strong implant-bone interface, which determines 
the 'primary stability' of the fixation, but also to take into account the 
criterion of 'secondary stability', in other words, the degree of progressivity 
of micromotions after interface loosening. 
The clinical and radiological findings show that this applies not only to the 
femoral but also to the acetabular component. Chosing a different material 
will affect the mechanical behaviour too little to improve the secondary 
stability much. Accordingly, it appears that at present there is no longer an 
indication for the clinical use of the cemented resurfacing hip prosthesis. 
Whether this also holds true of the non-cemented resurfacing prosthesis will 
depend primarily on the strength and durableness of the implant-bone 
connections or 'primary stability'. Where the 'secondary stability' is concer-
ned, similar designs will give rise to the same problems. 
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HOOFDSTUK И 
Samenvatting, discussie en conclusies 
In de jaren 70 ontstond er groot enthousiasme voor resurfacing heupprothe­
sen voor de behandeling van ernstig heuplijden van met name de jongere 
patiënten, voor wie het alternatief een osteotomie, een arthrodese of een 
conventionele totale heupprothese zou zijn. De prothese had een sparend 
karakter, daar slechts weinig bot behoefde te worden gereseceerd. De 
mechanische eigenschappen waren volgens inzichten van Wagner gunstig, 
omdat de drukspanningsverdeling op de heupkop na resurfacing zou gelijken 
op de situatie in de normale heup. Bovendien zag men voordelen boven de 
conventionele heupprothese bij een eventuele loslating. Er bleven alterna-
tieven en een revisie zou technisch geen grote problemen behoeven te geven. 
Een infectie zou zich beperken tot een kleiner gebied dan wanneer een 
steelprothese zou infecteren. Na een korte follow-up ontstonden echter reeds 
complicaties, waarvan de aseptische loslating van één van beide prothese-
componenten de belangrijkste was. Deze complicatie werd in eerste instantie 
toegeschreven aan ontwerpfouten, foutieve materiaalkeuze, onervarenheid 
met de moeilijke operatietechniek en verkeerde indicatiestelling. Het ver-
trouwen in de prothese daalde echter toen na het overwinnen van deze 
kinderziekten het percentage loslatingen niet verminderde. 
Ons patientenmatenaal bestond uit 84 Wagnerprothesen, geplaatst bij 76 
patiënten in de jaren 1976 tot 1981. De gemiddelde leeftijd ten tijde van de 
operatie bedroeg 50.6 jaar. Er werden tweemaal zoveel vrouwen als mannen 
geopereerd. In 44% luidde de diagnose voor operatie primaire Coxarthrose; 
in 43% betrof het secundaire Coxarthrose en in 5% rheumatoide arthritis. 
Ten aanzien van het patientenmatenaal is onze serie vergelijkbaar met 
andere series in de literatuur beschreven. 
Behoudens één collumfractuur, één maand na operatie, waren de vroege 
complicaties gering en meestal passagère. 
Bij het afsluiten van het onderzoek in februari 1984 bedroeg de gemiddelde 
follow-up periode 5.1 jaar met een spreiding van 2.4 tot 7.4 jaar. Op dat 
tijdstip waren 28 prothesen bij 25 patiënten gereviseerd. De overlevingskans 
van de prothese werd volgens de Kaplan/Meier methode (1958) berekend. 
Door deze revisie curve werd voorspeld dat na een follow-up van zeven jaar 
nog slechts 30% van de prothesen in situ zullen zijn. Begin januari 1986 was 
het aantal gereviseerde prothesen toegenomen tot 35 bij 31 patiënten. Door 
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een toename van de gemiddelde follow-up tot zeven jaar was het nu mogelijk 
de betrouwbaarheid van de voorspelling over de levensduur van de prothese 
te verhogen. De op basis van deze langere follow-up berekende revisie curve 
toont een iets gunstiger beeld dan de curve uit 1984: na zeven jaar zal niet 
één derde, maar de helft van de geplaatste prothesen in situ zijn (fig. 11.1). 
Na analyse van een groot aantal parameters bleek alleen het effect van de 
duur van de klachten statistisch significant. De patiënten met korter dan 5 
jaar pre-operatief klachten hadden een significant slechter resultaat dan de 
groep patiënten met langer dan 5 jaar klachten. Er bestond een niet 
significante aanwijzing dat de leeftijdscategorieën jonger dan 40 jaar sneller 
aan een revisie-ingreep toe waren. De patiëntengroep met een primaire 
Coxarthrose was procentueel minder sterk in de revisiegroep vertegenwoor-
digd dan de andere diagnosegroepen. Een eerdere operatie aan dezelfde 
heup, het lichaamsgewicht en het activiteitenniveau van de patient bleken in 
ons materiaal de overlevingskans niet duidelijk te beïnvloeden. 
Bij het klinisch na-onderzoek werd gebruik gemaakt van het Harris Hip 
Evaluation System. Er werden 61 patiënten met 67 resurfacing heupprothe-
sen gezien; steeds door dezelfde onderzoeker. Het opkomstpercentage 
bedroeg 100%. De subjectieve beoordeling van het operatieresultaat werd 
door 80% van de patiënten als uitstekend of goed aangegeven. Echter in 
slechts 60% werd een uitstekend tot goed resultaat bereikt op grond van de 
Harrisscore. De gemiddelde Hamsscore was gestegen van 43.5 preoperatief 
tot 80 bij het klinisch na-onderzoek. De twee patiënten met een lagere 
Harrisscore bij het klinisch na-onderzoek bleken volgens klinische en rönt-
genologische criteria een losse prothese te hebben, in tegenstelling tot de 
andere patiënten. De factor pijn verbeterde door de operatie het meest. De 
beweeglijkheid van de heup nam in 65% der gevallen toe. De grootste 
toename werd waargenomen in de ab- en adductie en de endorotatiemoge-
lijkheid. 
Aan de hand van de herbeoordeling van röntgenopnamen kon een geleide-
lijke standsverandering van de prothesecomponenten worden aangetoond. 
De stand van de acetabulaire component wijzigde zich bij 10% van de 
heupen op de axiale röntgenopname, terwijl bij 57% van de heupen de AC 
hoek in grootte toenam. Bij een toename van meer dan 10° bleek de 
acetabulaire component los te liggen, zoals tijdens de revisie-operatie werd 
aangetoond. Het aantal gevallen waarin radiolucente lijnen rond de acetabu-
laire component voorkomen, en de dikte van deze lijnen, zijn groter in 
vergelijking met de patientenseries met een conventionele totale heuppro-
these. Slechts in 4% is het na één jaar postoperatief niet tot een radiolucente 
lijn gekomen. In 73% is deze lijn op dat moment reeds volledig aangelegd 
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met een dikte van tenminste 1 mm. Na 5 jaar is in 31% de lijn in dikte 
toegenomen tot tenminste 2 mm. De flexibiliteit van de dunne polyethyleen 
cup, de dunne cementlaag en de kans op impingement worden als oorzaken 
gezien voor een ongunstige krachtsdoorleiding, spanningsverdeling en micro-
bewegingen, die dit snelle ontstaan van een radiolucente lijn bevorderen. 
Een toename van de radiolucente lijn wijst op een loslating van de acetabu-
laire component. 
De positie van de femorale component wijzigt zich eveneens in de loop der 
tijd. Door botresorptie en varisatie van de cup treedt een afname van de 
CCD hoek op (gemiddeld 6.7°), neemt de collumlengte af (gemiddeld met 
4.4 mm) en neemt de head-neck ratio (index) toe van gemiddeld 1.13 direct 
postoperatief tot 1.21 op de laatst beschikbare opname. Hierbij neemt de 
cup-collum afstand mediaal meer toe dan lateraal. 
Dit komt overeen met de bevindingen bij het humane histologische onder-
zoek, waar pannusweefsel werd gezien dat in het mediale oppervlakkige en 
diepe segment het dikst was. Een varisatie van meer dan 10° bleek 
bewijzend voor het losliggen van de femorale component. De gemiddelde 
CCD hoek lag in de revisiegroep lager dan in de niet gereviseerde groep. Een 
acetabulaire of femorale component die bij operatie in ante- of retroversie 
was geplaatst had geen verhoogde kans op loslating boven de anatomisch 
geplaatste prothese. De femorale componenten die in varuspositie waren 
ingebracht leidden niet sneller tot loslating dan de in valgus geplaatste groep. 
Cysten in de femurkop of in het acetabulum vergrootten niet de kans op een 
vervroegd loslaten van de prothese. Ook een partiële femurkopnecrose bleek 
niet van invloed op de overlevingsduur van de prothese. Een protrusio 
acetabuli geeft wel een significant verhoogde kans op een vervroegde losla-
ting. Een lateralisatie beïnvloedde het resultaat weer niet, evenmin als een 
beiderzijds heuplijden. 
Het ontstaan van para-articulaire ossificaties was op 71% der röntgenopna-
men na één jaar postoperatief zichtbaar. Dit hoge percentage wordt toege-
schreven aan het type heupincisie. De heupbeweeglijkheid in de patiënten-
populatie met graad II en graad III para-articulaire ossificaties was geringer 
in vergelijking met de groep zonder para-articulaire ossificaties of graad I 
para-articulaire ossificaties. 
De belangrijkste indicatie tot een revisie-operatie was pijn en een vermin-
derde belastbaarheid van het been. Röntgenologische bevindingen waren 
ondersteunend doch niet van doorslaggevende aard. Bij de revisie-ingreep 
werd zesmaal een losse acetabulaire component aangetroffen, zesmaal een 
losse femorale component en in 11 gevallen waren beide prothese-compo-
nenten los. Éénmaal werd gereopereerd wegens een collumfractuur en 
éénmaal wegens een infectie. 
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De radiolucente lijn in de groep met een losliggende acetabulumcup was in 
80% meer dan 2 mm dik, terwijl dit percentage in de gehele groep 18% 
bedroeg op de driejaar postoperatieve röntgenopnamen. 
Bij de revisie-operatie bleek het in 86% mogelijk een heupendoprothese te 
plaatsen; zij het dat in 32% een spongiosaplastiek noodzakelijk was. Gezien 
deze ervaringen bij reoperatie lijkt het niet juist de double cup prothese te 
zien als een mogelijkheid voor het winnen van tijd, zoals Mogensen (1982), 
Spranger en Eder (1980) en Trentani en Vaccarino (1981) aangeven. Een zo 
hoog percentage relatief vroege revisies, waarbij in 46% der gevallen géén 
totale heupprothese kon worden geplaatst of alleen met een spongiosaplas-
tiek maakt het raadzaam deze ingreep ook niet meer te verrichten als een 
tijdelijke voorziening, een opinie die ook Head (1982) op basis van zijn 
onderzoek al poneerde. 
Het percentage aseptische loslatingen is in handen van Amstutz et.al. (1981) 
aanzienlijk lager - 5% - dan het gemiddelde percentage van ongeveer 20% 
na drie jaar, zoals dat uit de literatuur blijkt. Klaarblijkelijk is de patiënten-
selectie en de operatietechniek in hun handen van dien aard dat na een 
follow-up van 2 tot 5 jaar slechts 5% aseptische loslatingen ontstond. 
Mogelijk speelt ook het ontwerp van de prothese (Tharies) hier een rol, 
hoewel ook over dit type slechte resultaten in de literatuur gepresenteerd 
werden door andere groepen (Boettcher et.al., 1982). 
Histologisch onderzoek van 30 femurkoprestanten na een resurfacing pro-
these toonde aan dat het mechanisme van loslating in twee terminale vormen 
optreedt. In geval van totale of subtotale femurkopnecrose ontstond een 
collaps van de verzwakte heupkop. In deze gevallen was er geen pannusvor-
ming tot ontwikkeling gekomen. In 87% der gevallen was de heupkop echter 
vitaal gebleven of bevatte slechts kleine necrotische gebieden. In al deze 
gevallen was er pannusweefsel ontstaan, dat zich vanuit de periferie naar het 
centrum van de kop uitbreidde. De mate van instabiliteit en het losraken van 
de prothese correleerden met de dikte van de pannuslaag. Het postopera-
tieve beloop, gesteund door de röntgenologische, macroscopische en histolo-
gische bevindingen maakte het aannemelijk dat de pannusgroei gestimuleerd 
wordt door mechanische prikkeling ten gevolge van onvoldoende prothese-
fixatie met als gevolg microbewegingen en door metabolieten van de bescha-
digde weefsels tijdens en na de operatie. De in de tijd in aantal toenemende 
vreemdlichaampartikels als cement en polyethyleen wekken een macrofage-
nactiviteit op en kunnen tot het proces van pannusvorming en Osteolyse 
bijdragen. 
In het dierexperiment waarbij de follow-up maximaal slechts TA maand 
bedroeg stond niet de reactie op vreemdlichaampartikels op de voorgrond, 
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maar wel de pannusgroei, en hiermee gepaard gaande röntgenologisch 
waarneembare collumresorptie. Het pannusweefsel groeit agressief waarbij 
de lamina compacta vanuit het oppervlak en door zgn. dissecerende resorptie 
wordt afgebroken. Uit dit histologisch onderzoek blijkt dat de pannusdikte 
niet is gerelateerd aan de duur van de aanwezigheid van de prothese, doch 
afhankelijk is van een primair goede fixatie. Ons inziens worden fibroblasten 
en capillairen tot proliferatie activiteit geprikkeld door microtraumata en 
microbewegingen, waardoor groei van bindweefsel ontstaat en het proces 
van loslating op gang komt. De pannus verschijnt in het dierexperiment het 
eerst aan de laterale zijde, terwijl in de humane situatie de pannuslaag onder 
de mediale cuprand het eerst te zien is. Dit wordt mogelijk verklaard door 
het verschil in belasting van de heupkop (Bergmann et.al., 1984). De 
slijtpartikels zijn gering in aantal en blijken in dit proces derhalve geen 
belangrijke rol te spelen. 
Biomechanische analyse leert ons dat het concept van de femorale surface 
replacement niet de gunstige, fysiologische spanningspatronen oplevert die 
aanvankelijk op intuïtief-mechanische gronden werden verwacht (e.g. Wag-
ner, 1978). Er ontstaan onnatuurlijk hoge spanningspieken aan de laterale 
zijde ter plaatse van de cuprand, terwijl er centraal in de kop een spannings-
reductie optreedt. Op zich is dit echter geen verklaring voor het vroege 
klinisch falen van dit type prothese, omdat deze verschijnselen zich ook bij 
andere, meer succesvolle prothesen, voordoen. Een pannuslaag die korte tijd 
na het inbrengen van de prothese door mechanische of andere oorzaken 
ontstaat biedt geen weerstand tegen trek- en schuif spanningen, waardoor 
microbewegingen optreden, die de pannusgroei stimuleren. Microbewegin-
gen in de zin van verplaatsingen van de cup ten opzichte van het bot zullen 
met name in dit type prothese progressief toenemen wanneer lateraal en 
mediaal de verbinding tussen implantaat en bot in mechanische zin is 
verbroken. De wrijving tussen de femorale en acetabulaire component van 
de prothese zal dit proces alleen maar bespoedigen. De histologische beelden 
komen overeen met deze hypothese. Ook bij de nog gefixeerde femorale 
componenten was een pannuslaag tot ontwikkeling gekomen, die aan de 
mediale zijde het dikst was. Ook op grond van de histologische studie werd 
de hypothese gesteund dat de microbewegingen de primaire oorzaak zijn van 
de toename van de pannusdikte. 
De slechte „secundaire stabiliteit" van dit prothese-ontwerp lijkt de korte 
levensduur van deze prothese te bepalen. Door progressieve bewegingen 
wordt de aanvankelijk dunne pannuslaag, zoals deze bij alle gecementeerde 
implantaten wordt waargenomen, bij dit ontwerp sterk geprikkeld en neemt 
in dikte toe. Naast een sterke implantaat-bot interface, die de „primaire 
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stabiliteit" van de fixatie bepaalt, lijkt het dus van belang, in het algemeen, 
bij een prothese ontwerp de „secundaire stabiliteit" als criterium te betrek-
ken, met andere woorden de mate van progressiviteit van microbewegingen 
na interface breuk. 
Uit het klinisch en röntgenologisch onderzoek blijkt dat dit niet alleen geldt 
voor de femorale, doch ook voor de acetabulaire component. Verandering in 
materiaalkeuze zal een te geringe invloed hebben op het mechanisch gedrag 
om de secundaire stabiliteit sterk te verbeteren. Er lijkt dan ook op dit 
moment geen indicatie meer te bestaan voor de klinische toepassing van de 
gecementeerde resurfacing heupprothese. Of dit ook voor niet-gecemen-
teerde resurfacing prothesen geldt, zal voornamelijk afhangen van de sterkte 
en de duurzaamheid van de implantaat-bot verbinding, of wel de ,,primaire 
stabiliteit". Wat betreft de „secundaire stabiliteit" zullen bij vergelijkbare 
ontwerpen dezelfde problemen optreden. 
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APPENDIX I. GENERAL AND (PREOPERATIVE DATA 
Patient number 
Hip 
Sex 
Date of birth 
Final date 
Height in cm 
Preoperative data: 
Activity level 
Body weight in kg 
Number of earlier operations on this hip 
Osteotomy 
Duration of signs and symptoms in whole years 
Harris score: I pain 
II function 
A. gait pattern 
B. daily activities 
III mobility 
IV absence of deformities 
- flexion contracture 
of 30° 
- adduction 
contracture < 10° 
- endorotation 
contracture < 10° 
- limb-length 
discrepancy 
< 3.2 cm 
left/right hip 
male/female 
day, month, year 
date of latest check-up if 
not revised 
ADL dependent 
ADL independent 
partial light work 
light work 
moderately heavy work 
heavy work 
Double cup operation: 
Date 
Chief surgeon 
Additional surgery performed 
yes 
no 
limp 
support 
walking distance 
stairs 
shoes and socks 
sitting 
transportation 
total 
present 
absent 
present 
absent 
present 
absent 
present 
absent 
day, month, year 
none 
removal angle plate 
removal OSM 
psoas release 
cancellous bone plasty 
Type incision Smith-Petersen 
McFarland 
Duration of operation in minutes 
Blood loss in ml 
Size prosthesis 
Anticoagulant treatment 
Antibiotics administered 
Capsule culture 
Complications 
small 
medium 
large 
yes 
no 
none 
Clam./Flox. 
Keflin 
others 
negative 
positive 
- Staph, aureus 
- Staph, albus 
- E. coli 
- С. diphtheriae 
- non-ferm. bact. 
none 
tendency to dislocation 
thrombosis 
loss of function of n. 
femoralis 
others 
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APPENDIX II. RADIOLOGICAL EVALUATION, PREOPERATIVE 
Patient number 
Hip 
Side 
left/right hip 
unilateral 
bilateral, presenting as unilateral 
bilateral, presenting as bilateral 
THA other side 
Radiological diagnosis: 
primary osteoarthritis, mono-/polyarticular 
secondary ostheoarthritis 
Perthes 
congenital dislocation 
congenital dysplasia 
slipped epiphysis 
fracture femoral neck 
fracture acetabulum 
traumatic dislocation 
coxitis 
rheumatoid arthritis 
arthritis 
ankylosis spondylytis 
Reiter 
psoriatic arthritis 
non-union femoral neck without arthritis 
failure previous surgery 
failure previous arthroplasty 
osteonecrosis 
others 
Classification by 
Cysts 
Measurements 
radiographic morphology 
incipient arthritis 
arthritis upper pole: grade 0, I, II, III 
normal medial pole 
protrusio acetabuli 
concentric arthritis 
destructive arthritis, head type 
acetabular type 
quadrantic head necrosis, superior 
axial 
medial 
joint space still present 
osteoporosis greater trochanter 
in acetabulum: number and size 
in femoral head: number and size 
femoral neck length 
CCD angle 
CE angle 
APPENDIX III. RADIOLOGICAL EVALUATION, POSTOPERATIVE 
Patient number 
Hip 
Date radiography 
Interval after 
operation 
Radiography 
Acetabular 
component 
Femoral 
component 
left/right hip 
immediately postoperative 
after 3 months 
after 6 months 
after 1 year 
coincides with clinical 
follow-up 
coincides with revision 
quality X-ray 
position acetabular cup, 
percentage of AC angle 
radiolucent lines, 
protrusio 
cement leakage, 
cement distribution, 
quality X-ray 
position femoral cup, 
index A-B 
anteversion 
anatomical 
retroversion 
AC angle in degrees 
unsupported by bone 
superior part 
axial part 
medial part 
anterior part 
posterior part 
in pelvis 
in soft tissues 
good 
medially too much 
anteversion 
retroversion 
neutral 
CCD angle in degrees 
impingement 
femoral neck length in mm 
osteoporosis greater trochanter 
para-articular ossifications: grade 0, I, II, III 
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APPENDIX IV. DATA CLINICAL FOLLOW-UP EXAMINATION 
Patient number 
Hip 
Date 
Interventions between implantation and 
follow-up 
Double cup prosthesis in the other hip 
left/right hip 
day, month, year 
none 
double cup 
total hip arthroplasty 
(THA) 
others 
After-treatment number of months use of 
two crutches after DC 
operation, 
number of months 
subsequent use one crutch 
Activity level 
Body weight in kg 
Subjective assessment results operation at 
time of clinical follow-up 
Harris score: I 
II 
III 
IV 
pain 
function 
A. gait pattern 
B. daily activities 
mobility 
absence of deformities 
- flexion contracture 
of 30° 
- adduction 
contracture < 10" 
- endorotation 
contracture < 10° 
- limb-length 
discrepancy 
< 3.2 cm 
ADL dependent 
ADL independent 
partial light work 
light work 
moderately heavy work 
heavy work 
excellent 
good 
fair 
poor 
limp 
support 
walking distance 
stairs 
shoes and socks 
sitting 
transportation 
total 
present 
absent 
present 
absent 
present 
absent 
present 
absent 
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Trendelenburg test negative 
positive 
Mobility compared with preoperative: 
Flexion 
Extension 
Abduction unchanged 
Adduction improved 
Exorotation deteriorated 
Endorotation 
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APPENDIX V. REVISION DATA 
Patient number 
Hip 
Date revision operation 
Indication for revision 
left/right hip 
day, month, year 
- decrease weight-bearing capacity leg 
- pain 
- radiological findings 
loose acetabular component 
loose femoral component 
- infection 
Additional examinations: 
Scan 
Technetium scan 
Strontium scan 
Arthrography 
Type double cup 
prosthesis 
Patient's body weight 
Chief surgeon 
Type incision 
Duration of operation 
Blood loss 
Nature revision operation 
Tenotomy 
Anticoagulant treatment 
Antibiotica administered 
Peroperative culture 
Complications after 
revision operation 
Fixation parts of 
prosthesis at revision 
- femoral component 
- acetabular component 
performed/not performed 
not performed/negative/positive 
not performed/negative/positive 
yes/no 
Wagner prosthesis/Stenum prosthesis 
old scar/Gibson-Kocher incision 
use of gentamicin beads 
implantation of total hip prosthesis using 
cancellous bone plasty 
mesh graft 
femur plug 
gentamicin cement 
type total hip prosthesis: 
femoral component Chamley-Muller 
MEM prosthesis 
acetabular component Allopro cup 
conventional 
polyethylene cup 
none/Clam./Flox./Keflin/others 
none/tendency to dislocation/thrombosis/loss of 
function n. femoralis/delay in postoperative 
schedule 
loose/fixed 
loose/fixed 
APPENDIX VI. HISTOLOGICAL EVALUATION OF FEMUR STUMP 
1 Patient number 
2 Hip 
3 Segment number 
4 Uncertain segment 
number 
5 Bone density 
6 Vitality 
7 lamellar bone 
8 fibrillary bone 
9 Osteolysis 
10 Bone trans-
formation 
11 Capsule 
12 Cysts 
left/right hip 
1-6 
1*—*5 
2*—>6 
yes/no 
normal density/porosis/sclerosis 
slight 
moderate 
marked 
viable/necrotic 
partially 
totally 
arrangement 
parallel to surface 
perpendicular to surface 
no orientation relative to surface 
absent 
thin 
thick 
a) on the surface : of lamellar bone 
b) of fibrillary bone 
a) under the surface: of lamellar bone 
b) of fibrillary bone 
a) on the surface : of lamellar bone 
b) of fibrillary bone 
a) under the surface: of lamellar bone 
b) of fibrillary bone 
absent 
thin 
normal 
thick 
none 
slight 
moderate 
marked 
none 
slight 
moderate 
marked 
: remnant of articular capsule still present: yes/no 
: number 
surroundings: poro tic 
sclerotic: partially 
totally 
content : empty 
connective tissue 
cement 
connective tissue + cement 
13 Marrow containing : fibrous tissue 
lipomatous tissue 
haemopoiesis 
none 
slight 
moderate 
marked 
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14 in which are toun 
15 
16 Infiltration of 
marrow by 
17 Cement rests 
18 Cartilage 
d : histiocytes without path. 
with lipids 
contents 
with polyethylene 
with cement 
not specified 
: giant cells without path. 
with lipids 
with polyethyl 
with cement 
not specified 
contents 
ene 
: polymorohonucelar leucocytes 
mononuclear leucocytes 
: a) at the surface 
b) among the trabeculae 
: at the surface yes/no 
a) hyaline cartilage 
non dystrophic 
dystrophic 
necrotic 
b) fibrous cartilage 
viable 
necrotic 
among the trabeculae 
a) hyaline cartilage 
non dystrophic 
dystrophic 
necrotic 
b) fibrous cartilage 
viable 
necrotic 
yes/no 
none 
slight 
moderate 
marked 
none 
slight 
moderate 
marked 
none 
slight 
moderate 
marked 
none 
slight 
moderate 
marked 
none 
slight 
moderate 
marked 
none 
slight 
moderate 
marked 
none 
slight 
moderate 
marked 
none 
slight 
moderate 
marked 
19 Pannus layer 
a) surface absent 
completely/incompletely present 
b) thickness in mm 
с) cavities in 
pannus 
contents 
d) offshoots of the 
absent/number present 
empty 
cement 
others 
cement + others 
: pannus among trabeculae: no/yes 
formed by granulation tissue: no/yes 
tissue in process of fibrosis: no/younger/older 
fibrotic connective tissue: no/yes 
e) cell types in the 
infiltration of 
pannus by 
: pannus: 
fibroblasts 
fibrocytes 
histiocytes 
giant cells 
synovial or synovialoid cells 
histiocytes without path, contents 
with lipids 
with polyethylene 
with cement 
not specified 
giant cells without path, contents 
with lipids 
with polyethylene 
with cement 
not specified 
polymorphonuclear leucocytes 
mononuclear leucocytes 
none 
slight 
moderate 
marked 
none 
slight 
moderate 
marked 
none 
slight 
moderate 
marked 
none 
slight 
moderate 
marked 
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EXPLANATION APPENDIX VI 
Bone density was evaluated by comparison with standard secti-
ons of normal bone from personel material: 20% bone volume, 
80% marrow cavity; regularly anastomosing trabeculae consis-
ting of 24 ± 9 biréfringent lamellae with meshes of approxima-
tely the same size formed by anastomosing trabeculae. 
Porosis - evaluated per field with 35x magnification. 
Slight : narrowed trabuculae at one to three sites, loss 
of anastomoses 
Moderate : narrowed trabeculae, loss of more than three 
up to 50% of the anastomoses 
Marked : narrowed trabeculae, loss of more than 50% 
of the anastomoses often only fragments of 
trabeculae 
Sclerosis : trabeculae of normal and/or increased width 
(over 33 biréfringent lamellae), closely pack-
ed, medullary cavities absent or small, often 
just slits. 
See 5. 
Thickness of the trabeculae similar to 5. 
Osteolysis - evaluated per field with 130x magnifiaction: 
characterized by the presence of osteoclasts and absence of 
osteoblasts 
Slight : no active osteoblasts, one polynuclear osteo-
clast per field and/or a few mononuclear 
osteoclasts 
Moderate : no active osteoblasts, two to five polynuclear 
osteoclasts per field and/or a few rimmings of 
mononuclear osteoclasts, but in less than 50% 
of the trabeculae or lamellae 
Marked : no active osteoblasts, more than five polynu-
clear osteoclasts per field and/or rimmings of 
mononuclear osteoclasts in at least 50% of 
the trabeculae or lamellae. 
sub 10a Bone transformation - evaluated per field with 130x magnifica-
tion: 
characterized by the presence both of osteoblastic bone apposi-
tion and osteoclastic resorption 
Slight : slight to moderate osteolysis a rimming of 
active osteoblasts on one of the trabeculae. 
Moderate : slight to moderate osteolysis, several rim-
mings of active osteoblasts, but in less than 
50% of the trabeculae or lamellae 
Marked : moderate to pronounced osteolysis, rimmings 
of active osteoblasts in at least 50% of the 
trabeculae or lamellae. 
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sub 5 
sub 7 
sub 8 
sub 9a 
sub 9b As 9a. 
sub 10b As 9a. 
sub 12 Porotic, sclerotic, see 5. 
sub 13 Fibrotic tissue - evaluated per field with 35x magnification: 
Slight : one or a few narrow rimmings mostly along 
the trabeculae one to three meshes partially 
filled with connective tissue 
Moderate : less than 50% of the meshes partially or com-
pletely filled 
Marked : at least 50% of the meshes filled 
Lipomatous tissue - evaluated per field with 35x magnification: 
Slight : one to three meshes partially or completely 
filled with fatty tissue 
Moderate : less than 50% of the meshes filled with fatty 
tissue 
Marked : more than 50% of the meshes filled with fatty 
tissue 
Haemopoiesis - evaluated per field with 35x magnification: 
Slight : haemopoiesis in one to three meshes, or very 
scanty haemopoiesis in most meshes 
Moderate : haemopoiesis in less than 50% of the meshes 
or scanty haemopoiesis in most meshes 
Marked : intensive haemopoiesis in over 50% of the 
meshes 
sub 14 Histiocytes in the marrow - evaluated per field with 130x 
magnification: 
Slight : a few, scattered, or a group formed by a few 
Moderate : several, scattered, or in small groups in less 
than 50% of the meshes 
Marked : groups in over 50% of the meshes 
sub 15 Giant cells in the marrow - evaluated per field with 130x 
magnification: 
Slight : 1 
Moderate : 2-5 
sub 16 Infiltration of marrow see 14 
sub 17 Cement balls see 15 
sub 18 Fragments of cartilage see 15 
sub 19 Cell types in pannus 
Slight : easily counted 
Moderate : many, but still countable 
Marked : very many, not countable due to overlapping 
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APPENDIX VII. THE HARRIS HIP EVALUATION SYSTEM 
I. Pain (44 possible) 
A. None or ignores it 44 
B. Slight, occasional, no compromise in activities 40 
C. Mild pain, no effect on average activities, rarely moderate pain 
with unusual activity, may take aspirin 30 
D. Moderate pain, tolerable but makes concessions to pain. Some 
limitation of ordinary activity or work. May require occasional 
pain medicine stronger than aspirin 20 
E. Marked pain, serious limitation of activities 10 
F. Totally disabled, crippled, pain in bed, bedridden 0 
II. Function (47 possible) 
A. Gait (33 possible) 
1. Limp 
a. None 11 
b. Slight 8 
с Moderate 5 
d. Severe 0 
2. Support 
a. None 11 
b. Cane for long walks 7 
с Cane most of the time 5 
d. Onecrutch 3 
e. Twocanes 2 
f. Twocrutches 0 
g. Not able to walk (specify reason) 0 
3. Distance walked 
a. Unlimited 11 
b. Six blocks 8 
с Two or three blocks 5 
d. Indoorsonly 2 
e. Bed and chair 0 
B. Activities (14 possible) 
1. Stairs 
a. Normally without using a railing 4 
b. Normally using a railing 2 
с Inanymatter 1 
d. Unable to do stairs 0 
2. Shoes and socks 
a. Withease 4 
b. With difficulty 2 
с Unable 
3. Sitting 
a. Comfortably in ordinary chair one hour 5 
b. On a high chair for one-half hour 3 
с Unable to sit comfortably in any chair 0 
4. Enter public transportation 1 
III. Absence of deformity points (4) are given if the patient demonstrates: 
A. Less than 30° fixed flexion contracture 
B. Less than 10° fixed adduction 
C. Less than 10° fixed internal rotation in extension 
D. Limb-length discrepancy less than 3.2 centimeters 
IV. Range of motion (index values are determined by multiplying the 
degrees of motion possible in each arc by the appropriate index) 
A. Flexion 0- 45° χ 1.0 
45- 90° χ 0.6 
90-110° xO.3 
B. Abduction 0- 15° χ 0.8 
15- 20° χ 0.3 
over 20° χ 0 
C. External rotation in extension 0- 15° χ 0.4 
over 15β χ 0 
D. Internal rotation in extension any χ 0 
E. Adduction 0- 15° χ 0.2 
To determine the over-all rating for range of motion, multiply the sum of 
the index values χ 0.05. Record Trendelenburg test as positive, level, or 
neutral. 
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Stellingen 
1. De Wagner double cup prothese dient niet meer te worden geplaatst; 
zelfs niet bij jongere patiënten als tijdelijke voorziening. 
2. De belangrijkste oorzaak voor het falen van de Wagner double cup 
prothese is niet gelegen in de patientenselectie, de operatietechniek of de 
materiaalkeuze van de prothese, doch is inherent aan het mechanische 
concept van de double cup prothese. 
3. Een snelle toename in dikte van de radiolucente lijn van meer dan 3 mm 
rond de acetabulaire component van de prothese of een standsverande-
ring van één der prothesecomponenten van meer dan 10° duiden op 
een losse prothese. Deze röntgenologische bevindingen vormen een 
ondersteuning voor een revisie-indicatie; doorslaggevend hiervoor zijn 
echter pijn en een verminderde belastbaarheid van het been. 
4. De geringe „secundaire stabiliteit" van de femorale Wagner-cup veroor-
zaakt progressieve bewegingen aan de implantaat/bot interface, waar-
door de pannusgroei wordt gestimuleerd. 
5. De prognose van de congenitale pseudarthrose van het onderbeen is 
afhankelijk van de typering. Het betrokken raken van de fibula in het 
proces is prognostisch ongunstig. 
6. Tenville van de kwaliteit van het leven is bij de nog steeds beperkte 
levensverwachting van een patient met een osteosarcoom een locale, 
ledemaatsparende resectie een goede ingreep, mits verricht in combina-
tie met chemotherapie. 
7. Het onderwijs in de anatomie van het bewegingsapparaat dient te 
worden aangepast aan de afbeeldingsmogelijkheden in de drie hoofd-
richtingen, die de Magnetic Resonance Imaging (MRI) biedt. 
8. De chirurgische behandeling van colitis ulcerosa bestaat, gezien de goede 
resultaten, bij voorkeur uit een sphinctersparende colectomie met pri-
mair of secundair aanleggen van een ileo-anaal reservoir. 
9. Voor een betrouwbare beoordeling van een biopt uit een pathologische 
laesie is het voor de patholoog anatoom essentieel geïnformeerd te 
worden over de exacte localisatie van de laesie en het biopt, alsmede 
over de duur en het verloop van de ziekte. 
10. De perifeer werkzame orthopaedisch chirurg kan in goede samenwer-
king met de neuroloog veel van diens problematiek rond perifere zenu-
wen oplossen. 
11. Het ziekenhuis dient centraal aansprakelijk te zijn voor alle in het 
ziekenhuis verleende zorg. 
12. Het regeringsbesluit de Rijksdienst voor Monumentenzorg te decentrali-
seren zal een desastreuze invloed blijken te hebben op het behoud en de 
restauratie van ons onroerende culturele erfgoed. 
Stellingen behorende bij het proefschrift: 
„AnalysL· of implant failure in the Wagner resurfacing arthroplasty". 
P.H.G.E. Sirens, 24 april 1986. 


